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INSTRUCTIONS  FOR  PREPARING  PAPERS,  ETC. 


In  writing  papers,  or  discussions  on  papers,  the  use  of  the  first  person 
should  be  avoided. 

They  should  be  legibly  written  on  foolscap  paper,  on  one  side 
only,  with  a  margin  on  the  left  side. 

Illustrations,  when  necessary,  should  be  drawn  on  the  dull  side  of 
tracing  linen  to  as  small  a  scale  as  is  consistent  with  distinctness.  Black 
ink  only  should  be  used.  They  should  be  drawn  so  that  all  details  and 
lettering  will  show  distinctly  when  reduced  to  a  height  of  7  inches. 

When  necessary  to  illustrate  a  paper  for  reading,  diagrams  or  lantern 
projections  may  be  furnished.  Diagrams  must  be  bold,  distinct,  and 
clearly  visible  in  detail  for  a  distance  of  thirty  feet. 

Papers  which  have  been  read  before  other  Societies,  or  have  been 
published,  cannot  be  read  at  meetings  of  this  Institute. 

All  communications  must  be  forwarded  to  the  Secretary  of  The 
Institute,  from  whom  any  further  information  may  be  obtained. 
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TRANSACTIONS  —  VOL.  XXXII  —  Part  II. 
PREFATORY  NOTE. 


This  volume  (Vol.  XXXII,  Part  II)  bridges  the  activities  of  the 
Canadian  Society  of  Civil  Engineers  and  The  Engineering  Institute  of 
Canada.  The  papers  presented  are  those  for  which  arrangements  had 
been  made  under  the  Canadian  Society  of  Civil  Engineers.  At  the 
Annual  Meeting  held  January  21st-22-23rd,  1918,  the  Report  of  the 
Committee  on  Society  Affairs  was  adopted  which  changed  the  name  to 
The  Engineering  Institute  of  Canada  and  brought  into  operation  a  decid- 
edly different  method  of  procedure  in  respect  of  the  presentation  of 
papers. 

Under  the  new  ruling,  all  papers  presented  at  any  branch  have  equal 
status  dependent  upon  their  intrinsic  value.  Although  the  new  name 
was  adopted  at  the  Annual  Meeting  it  was  not  until  April  15th,  1918, 
that  the  Bill  changing  the  name  was  passed  by  the  House  of  Commons. 
Between  the  time  of  the  Annual  Meeting  and  the  legalizing  of  the  new 
name,  the  Montreal  Branch  was  started  as  part  of  the  newly  adopted 
regulations.  Under  the  Montreal  Branch  the  programme  of  papers 
previously  arranged  was  carried  out  and  these  are  included  in  this  volume. 

The  authors'  names  are  given  with  their  title  in  The  Institute  although 
at  that  time  the  title  was  not  official.  In  the  text  the  former  appellation 
has  not  been  changed. 
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RECENT  ADVANCES  IN  CANADIAN  METALLURGY 

By  ALFRED  STANSFIELD,  D.  Sc.,  F.R.S.C,  M.E.I.C. 
February  14,  1918 

In  writing  of  "recent"  advances  it  becomes  necessary  to  decide  on 
some  definite  period  of  time  on  which  to  report,  and  this  surprising  war 
has  given  such  an  impetus  to  Canadian  metallurgy  that  it  will  be  appro- 
priate to  regard  the  commencement  of  the  war  as  the  epoch  from  which 
to  measure  these  advances. 

Metal  Markets  in  War  Time. — The  first  effect  of  the  war  was  to 
restrict  the  regular  operation  of  metallurgical  plants  and  to  stop  all 
new  developments.  This  followed  naturally  from  uncertainty  in  the 
financial  situation  and  an  immediate  lack  of  money.  Looking  back  at 
the  situation  it  seems  strange  that  markets  should  fall,  and  metal 
production  decrease,  when  it  must  have  been  certain  that  nearly  all 
the  metals  would  be  needed  in  increasing  quantities  for  warlike 
operations.  After  about  six  months  this  demand  became  apparent, 
the  prices  of  metals  began  to  rise,  and  their  production  was  consequently 
stimulated.  An  early  development  was  caused  by  theShell 
Committee's  need  of  brass  for  cartridge  cases.  Copper  for  this 
purpose  could  be  obtained  without  great  difficulty,  but  zinc  of  a 
suitable  degree  of  purity  was  very  difficult  to  obtain  even  at  a  greatly 
enhanced  price.  Zinc  ores  had  been  mined  in  British  Columbia  for  a 
number  of  years,  but  it  had  not  been  found  practicable  to  smelt 
them  in  this  country,  and  the  zinc  ores,  or  concentrates,  were  shipped  to 
smelters  in  the  American  zinc  districts.  After  the  outbreak  of  the  war, 
the  American  smelters  refused  to  accept  ore  shipments  from  Canada;  a 
refusal  which  was  considered  by  many  as  being  caused  by  German  control 
or  interest  in  the  smelters.  Whatever  was  the  cause  the  situation  was  clear: 
the  Shell  Committee  needed  zinc,  and  the  British  Columbia  miners 
had  the  ore,  while  the  American  smelters  were  unwilling  or  unable 
to  convert  the  one  into  the  other.  Zinc  differs  from  many  metals  in  the 
fact  that  the  smelting  process  yields  a  metal  which  is  marketable 
without  the  need  of  any  refining.  The  purity  of  the  "spelter"  depends 
mostly  upon  the  character  of  the  ore  from  which  it  is  produced,  thus 
"high-grade"  spelter  from  specially  pure  ores  will  contain  less  than 
0.1%  of  total  impurity,  while  "Prime  Western"  spelter,  obtained  from 
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leady  ores,  may  contain  as  much  as  1.5%  of  lead.  This  difference  in 
the  purity  of  different  brands  of  spelter  is  not  objectionable,  since  the 
uses  to  which  they  are  put  vary  greatly  in  requirements;  ' 'Prime- 
Western'  '  spelter  is  amply  good  enough  for  galvanizing,  while  "high- 
grade"  spelter  is  none  too  good  for  making  brass  for  cartridge  cases. 
The  British  Columbia  zinc  ores  are  in  general  mixed  with  ores  of  lead, 
and  it  would  be  impossible  by  the  usual  smelting  process  to  obtain  a 
spelter  that  would  meet  the  requirements  of  the  Shell  Committee. 

A  process  was  under  investigation,  at  that  time,  for  obtaining  zinc 
from  these  complex  ores  by  roasting,  extracting  the  zinc  as  sulphate  by 
means  of  sulphuric  acid  and  water,  and  separating  metallic  zinc  from  this 
solution  by  electrolysis,  using  insoluble  anodes.  This  process  was  not 
new,  but  it  had  failed  hitherto  owing  to  technical  difficulties  in  the 
leaching  of  the  ore,  the  purification  of  the  solution  and  the  production 
by  electrolysis  of  compact  zinc  that  could  be  remelted.  The  cost, 
moreover,  was  too  high  to  make  it  profitable  in  view  of  the  low  price  of 
zinc  before  the  war.  A  Commission  was  appointed  by  the  Minister  of 
Militia  to  investigate  the  situation  with  respect  to  the  supplies  of  copper 
and  zinc.  This  Commission  concluded  that  the  electrolytic  process 
offered  the  greatest  probability  of  filling  the  need,  and  made  arrange- 
ments with  the  Consolidated  Mining  and  Smelting  Company  which  led 
to  the  establishment  at  Trail  of  a  plant  for  producing  electrolytic  zinc 
from  the  British  Columbia  ores.  At  the  present  time  this  plant  has  a 
capacity  of  about  300  tons  of  zinc  per  week. 

Before  the  war  the  writer  carried  out  an  elaborate  investigation  for 
the  Department  of  Mines  on  the  electric  smelting  of  zinc  ores,  but  prac- 
tical success  was  not  reached.  During  the  war  this  research  has  been 
taken  up  again  for  a  mining  company  with  more  success,  both  in  the 
laboratory  and  in  a  small  plant  at  Shawinigan  Falls.  Commercial 
success  has  not  yet  been  obtained,  but  it  is  expected  that  the  work  will 
be  resumed  during  the  present  year.  The  writer  has  also  been  interested 
in  the  production  of  zinc  oxide  for  paint  by  the  Wetherill  process;  he 
helped  to  design  and  operate  an  experimental  plant  in  Montreal,  and 
following  on  from  this  a  full-sized  plant  has  been  erected  at  Notre  Dame 
des  Anges. 

The  metallurgy  of  zinc,  as  well  as  that  of  lead,  copper  and  silver, 
has  been  materially  improved  during  recent  years  by  the  application  of 
the  flotation  process  by  means  of  which  the  zinc  minerals  can  be  separated 
more  perfectly  from  the  gangue,  and  in  some  cases  from  other  metallic 
minerals. 

Copper  Situation. — The  copper  situation,  investigated  by  the  Com- 
mission, was  entirely  different:  copper  ores  are  mined  and  smelted  in 
British  Columbia  on  an  enormous  scale  for  the  production  of  copper 
matte,  and  in  some  cases  the  matte  is  bessemerized  for  the  production 
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of  metallic  copper.  Crude  copper,  however,  is  of  no  use  until  it  has 
been  refined,  and  all  the  copper  derived  from  British  Columbia  was  sent 
to  the  United  States,  as  ore,  matte,  or  blister  copper,  in  order  to  be 
refined  in  the  American  refineries.  The  problem  before  the  Com- 
mission was  the  establishment  in  Canada  of  an  electrolytic  refinery, 
so  that  Canadian  copper  could  be  made  available  for  Canadian 
needs  of  that  metal.  The  problem  was  complicated  by  American 
interests  in  the  Canadian  copper  smelters,  by  contracts  with 
American  smelters  and  refiners,  by  heavy  freight  charges  between 
British  Columbia  and  the  points  at  which  the  copper  would  be  used,  and 
by  the  lack  in  Canada  of  rolling  mills  and  other  works  for  turning  the 
refined  copper  into  sheets,  rods,  wires  and  other  forms  required  by  the 
Canadian  market.  Although  the  price  of  copper  rose  to  a  very  high 
figure,  the  Shell  Committee  was  able  to  obtain  supplies  of  pure  copper 
from  the  States,  and  there  was  not  sufficient  urgency  to  justify  the 
Government  in  establishing  a  copper  refinery  in  British  Columbia  in  face 
of  the  natural  obstacles  already  mentioned.  In  the  meantime  the  Con- 
solidated Mining  and  Smelting  Company  established  at  Trail  a  small 
refinery,  which  is  now  in  operation,  and  has  an  output  of  about  10  tons 
per  day,  and  the  copper  and  zinc  from  Trail  have  both  been  used  in  the 
Dominion  Copper  Products  plant  in  Montreal  for  making  brass  for  the 
manufacture  of  cartridge  cases.  It  must  not  be  supposed  that  the 
erection  of  this  small  refinery  solves  the  general  problem  outlined 
above,  although  it  may  serve  by  way  of  example  to  help  in  settling  it  at 
some  later  date.  The  copper  furnaces  at  Trail  smelt  ores  of  gold  and 
silver  as  well  as  ores  of  copper,  and  the  resulting  crude  copper  is  so  rich 
in  the  precious  metals  that  the  Company  finds  it  more  satisfactory  to 
refine  the  metal  at  Trail,  thus  securing  the  gold  and  silver  contents, 
instead  of  shipping  the  crude  metal  to  distant  refineries  which  would 
entail  very  serious  difficulties  in  ascertaining  and  obtaining  credit  for 
the  gold  and  silver  that  is  alloyed  with  the  copper.  For  economical 
operation,  a  copper  refinery  should  have  a  very  large  output,  say  100  tons 
a  day.  The  whole  output  of  copper  from  British  Columbia  amounted 
in  1913  to  about  23,000  tons,  or  about  60  tons  per  day,  so  that  a  practically 
unanimous  co-operation  of  all  the  producing  companies  would  be  needed 
to  support  a  single  refinery.  We  may  hope  that  in  course  of  time  a  large 
refinery  will  be  operated  in  British  Columbia  for  the  treatment  of  Western 
ores,  but  this  will  depend  on  the  erection  in  that  Province  of  mills  for 
working  up  the  refined  copper  and  of  the  growth  of  a  market  in  Western 
Canada  that  will  absorb  a  large  part  of  the  output  of  such  a  refinery. 
The  production  of  copper  in  British  Columbia  has  increased  steadily 
during  recent  years  as  the  following  figures  show,  this  increase  being 
largely  due  to  the  development  of  the  Granby  Company's  smelter  at 
Anyox.  Recently  the  copper  smelter  at  Ladysmith  has  changed  hands 
and  has  again  been  put  into  operation.  This  increase  of  copper  produc- 
tion will  tend  towards  the  establishment  of  a  large  refinery  on  the  coast. 
The  introduction  of  the  flotation  process  has  modified  copper  metallurgy 
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in  recent  years.  Low  grade  ores,  which  were  at  one  time  smelted  in 
blast  furnaces,  or  even  treated  by  wet  (chemical)  methods,  are  now 
crushed  and  ground  to  a  fine  powder  and  concentrated  by  flotation.  The 
flotation  concentrate,  on  account  of  its  powdery  condition,  can  be  treated 
most  easily  by  roasting  in  mechanical  furnaces  and  smelting  in  rever- 
beratory  furnaces. 

PRODUCTION  OF  COPPER  IN  BRITISH  COLUMBIA 
IN  TONS 

1913  1914  1915  1916 

23,000  21,000  28,000  32,000 

Outside  of  British  Columbia  the  largest  production  of  Canadian 
copper  is  from  the  Sudbury  district,  where  it  occurs  in  association  with 
nickel.  The  production  in  Ontario,  nearly  all  being  from  the  Sudbury 
district,  is  about  half  the  production  in  British  Columbia,  but  its  separa- 
tion and  refining  is  dependent  on  the  separation  of  the  nickel  and  copper, 
and  can  only  be  considered  as  a  by-product  from  the  extraction  of  nickel. 

Nickel  Production  and  Refining.  —  At  the  beginning  of  the  war 
two  companies,  —  the  International  Nickel  Company  and  the  Mond 
Nickel  Company,  —  were  operating  in  the  Sudbury  district.  These 
companies  smelted  the  ore  to  a  matte  containing  from  20%  to  30%  of 
nickel  and  copper,  and  then  bessemerized  this  to  obtain  a  matte  of 
about  80%  of  nickel  and  copper,  containing  little  else  than  sulphide  of 
nickel  and  sulphide  of  copper  in  proportions  depending  on  the  relation 
between  these  metals  in  the  original  ore.  The  Mond  Company  shipped 
their  matte  to  England  for  treatment  by  the  Mond  process  at  their 
works  at  Clydach,  in  South  Wales,  while  the  International  Company 
treated  their  matte  by  the  "salt  cake"  process  at  their  refinery  at 
Constable  Hook  in  New  Jersey.  It  has  for  a  long  time  been  regarded  as 
an  economic  injustice  to  Canada  that  the  copper-nickel  matte  should  be 
sent  to  the  States  for  refining,  but  it  was  maintained  by  the  Company 
officials  that  the  cost  of  refining  it  in  Canada  would  be  very  much 
higher  than  in  New  Jersey.  After  the  outbreak  of  war,  attention  was 
repeatedly  called  to  the  situation,  because  it  was  feared  that  the  nickel 
passed  into  German  hands,  and  as  a  result  of  this  outcry  the  Interna- 
tional Company  agreed  to  erect  in  Canada  a  refinery  sufficiently  large 
for  the  British  requirements  of  nickel.  This  refinery  :s  now  being 
built  at  Port  Colborne  in  Ontario  and  should  be  in  operation  early  in 
the  present  year;  it  will  have  an  initial  output  of  7,500  tons  of  nickel 
per  annum.  In  the  meantime  a  new  company  has  entered  the  field. 
The  British  America  Nickel  Corporation,  a  strong  British-Canadian 
company  which  is  controlled  by  the  Imperial  Government,  has  acquired 
about  17,000  acres  of  mineral   land  in  the  Sudbury  district,  and  early 
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in  1917  began  the  construction  of  a  large  smelting  and  refining  works 
at  the  Murray  mine.  This  company  will  smelt  the  ore  to  matte,  and 
bessemerize  the  matte,  on  substantially  the  same  lines  as  the  older 
companies;  but  the  production  of  refined  nickel  and  copper  from  the 
matte  will  be  carried  out  by  the  Hybinette  electrolytic  process  which 
is  now  in  operation  in  Norway.  The  new  plant  is  expected  to  be  in 
operation  in  1919,  and  will  have  an  output  of  6000  tons  of  refined  nickel 
per  annum.  In  1913,  the  last  whole  year  before  the  war,  nickel  matte 
containing  25,000  tons  of  nickel  was  sent  abroad  to  be  refined;  during 
1917  the  output  was  about  42,000  tons,  and  by  1919  we  may  expect  a 
production  of  some  13,000  tons  of  nickel  in  Canada  in  addition  to  perhaps 
three  times  this  amount  in  matte  refined  abroad. 

During  the  year  1914  one  million  tons  of  nickel-copper  ore  was  mined 
and  smelted  in  the  Sudbury  district,  and  the  resulting  matte  contained 
22,700  tons  of  nickel  and  14,400  tons  of  copper.  Some  400,000  tons  of 
iron,  equal  to  half  the  Canadian  production  of  pig  iron,  was  slagged  in 
the  furnaces  and  thrown  over  the  dumps,  and  300,000  tons  of  sulphur 
was  discharged  into  the  atmosphere.  This  sulphur  would  produce  one 
million  tons  of  sulphuric  acid,  which  is  equal  to  one-fourth  of  the  consump- 
tion of  the  United  States,  but  it  is  not  considered  worth  while  to  save 
this  at  the  present  time  on  account  of  the  cost  of  transportation  of  the 
acid  to  points  at  which  it  could  be  used.  Projects  have  been  considered, 
however,  for  saving  the  sulphur  in  the  elemental  state  so  that  it  could 
be  shipped  easily,  or  for  collecting  the  S02  gas  in  the  liquid  state  and 
using  it  for  the  manufacture  of  wood  pulp.  With  regard  to  the  waste 
of  iron,  it  may  be  remembered  that  more  than  half  the  nickel  produced 
is  used  in  the  manufacture  of  nickel  steel  and  with  respect  to  this  part 
of  the  output,  there  is  therefore  no  need  to  separate  from  the  nickel  the 
iron  which  was  originally  associated  with  it.  Attempts  to  make  a  nickel 
pig-iron  which  could  be  converted  directly  into  nickel  steel  were  met 
in  the  past  by  the  difficulty  that  the  copper,  which  is  almost  always 
present  in  the  ore,  was  supposed  to  be  harmful  in  the  steel.  During 
recent  years,  however,  it  has  been  found  that  if  the  copper  is  present 
in  moderate  amounts,  not  more  than  one  third  of  the  nickel  content,  a 
nickel-copper  steel  is  entirely  satisfactory  and  may  be  expected  to  replace 
the  usual  nickel  steel  for  many  purposes.  Many  tons  of  this  steel  have 
recently  been  made  from  Sudbury  ore,  by  the  process  devised  by  Mr. 
Colvocoresses;  and  its  mechanical  properties  and  suitability  for  many 
purposes  will  soon  be  ascertained.  It  should  be  possible  to  employ 
this  process  on  a  large  scale,  although  of  course  it  is  limited  to  ores 
with  a  small  content  of  copper.  Care  will  be  taken,  by  suitable  admixture 
of  the  ores  and  otherwise,  to  maintain  a  uniform  product  ;and  it  may  be 
added  that  the  small  amount  of  precious  metals  contained  in  the  ore 
cannot  be  saved  if  this  process  is  used. 

In  connection  with  the  advances  in  the  nickel  industry  mention 
must  be  made  of  the  investigation  of  the  Ontario  Nickel  Commission, 
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which  was  appointed  in  1915  and  brought  out  its  report  in  1917.  This 
Commission  has  investigated  the  ores,  smelting  processes,  refining 
methods,  properties  and  uses  of  nickel,  not  only  in  Canada,  but  in  all 
parts  of  the  world  where  nickel  ores  are  mined.  They  have  considered 
the  subject  from  many  points  of  view,  and  have  produced  a  very  valuable 
report.  Geo.  T.  Holloway,  the  metallurgist  of  the  Commission,  died 
soon  after  the  completion  of  his  work. 

The  production  of  iron  and  steel  in  Canada  fell  off  considerably  at 
the  beginning  of  the  war,  but  recovered  later,  and  at  the  present  time, 
owing  to  the  large  demands  for  the  manufacture  of  munitions,  is  larger 
than  ever.    This  will  be  seen  from  the  following  table: — 


PRODUCTION  OF  IRON  AND  STEEL  IN  SHORT  TONS* 

1912           1913  1914          1915            1916            1917 

Canadian  1                         307,000  245,000      398,000      340,000       190,000 
Iron  Ore  J             '                 ' 


Pig  Iron        1,014,000    1,129,000       783,000       914,000    1,169,000    1,187,000 
957,000    1,169,000      828,000    1,020,000    1,454,000    1,735,000 


Steel 
ingots 
and 

castings 


Electric 
furnace 
steel 
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5,600        43,000        50,000 


*The  figures  for  production  in  this  paper  have  been  taken  from  the 
reports  by  John  McLeish,  who  kindly  furnished  the  writer  with  approx- 
imate data  for  1917.  The  amounts,  in  most  cases,  have  been  stated 
in  even  thousands,  as  in  this  form  they  are  far  more  easily  read  and 
compared. 

Electric  Iron  Smelting. — The  production  of  steel  has  advanced 
faster  than  the  production  of  pig-iron,  the  latter  being  restricted  by 
the  need  of  importing  the  ore,  and  in  some  cases  even  the  fuel,  for 
smelting  in  Canadian  furnaces.  The  amount  of  ore  mined  in  Canada 
is  but  a  small  proportion  of  the  amount  smelted,  but  if  we  include 
Newfoundland  ore,  as  we  reasonably  may,  we  would  find  that  rather 
more  than  half  the  iron  is  derived  from  Canadian  ore.  Just  before  the 
war   the   writer    visited   Sweden    in    order    to  study  the  electric  iron 
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smelting  industry  in  that  country,  and  made  a  report  to  the  Mines 
Branch  in  the  fall  of  1914.  At  that  time  it  did  not  appear  that 
electric  iron  smelting  could  be  undertaken  profitably  in  this  country, 
but  in  the  year  1916  he  made  a  fresh  study  of  the  situation  in  connection 
with  a  report  by  Mr.  John  Dresser  on  'Tart  of  the  District  of  Lake 
St.  John,  Quebec",  and  came  to  the  conclusion  that  there  is  hope  for 
electric  pig-iron  in  Canada.  In  considering  the  possibility  of  smelting 
electrically  the  titaniferous  magnetites  of  that  district  it  appeared 
that  although  pig-iron  produced  in  that  way  could  never  compete,  as 
regards  price,  with  the  product  of  the  blast-furnace  using  coke  as  fuel, 
still  it  should  be  possible  to  make  a  limited  production  of  high  class 
white  pig-iron  which  would  command  a  high  price  and  thus  sell  at  a 
profit.  Besides  producing  a  very  desirable  quality  of  pig-iron,  and  inci- 
dentally helping  the  steel  makers,  this  would  have  the  advantage  of 
utilizing  ores  which  are  at  present  worthless,  and  of  employing  water- 
power  which  now  runs  to  waste. 

Electric  Furnace  Steel. — Although  electric  smelting  of  iron  ores  is 
still  in  the  future,  the  electric  furnace  has  been  employed  very  largely 
for  making  steel,  as  is  shown  in  the  table.  The  electric  furnace  has 
not  been  used  in  this  country  to  any  extent  for  making  new  steel,  but 
mostly  for  remelting  steel  scrap  into  shell  billets.  For  this  purpose 
several  furnaces  are  in  operation  in  Montreal  and  district  and  at 
Toronto  a  large  plant  containing  ten  6-ton  furnaces  has  been  built  by 
the  Munitions  Board  for  remelting  shell  turnings  and  other  scrap. 
During  the  period  under  consideration  the  Armstrong  Whitworth 
Company  have  built  up  an  electric  melting  plant  for  the  production 
of  all  kinds  of  tool  steel  in  their  works  at  Longueuil.  The  electric  steel 
plant  at  Belleville  has  made  a  quantity  of  very  good  steel  from  titani- 
ferous iron  ore,  but  at  that  time  it  was  found  cheaper  to  employ  steel 
scrap  than  to  smelt  ore.  The  plant  has  recently  been  fully  occupied 
with  the  production  of  ferro  molybdenum  for  the  British  Government. 

Ferro  Alloys. — There  has  been,  for  a  number  of  years,  a  moderate 
production  of  ferro-alloys  in  Canada  amounting  in  1913  to  8000  tons,  in 
1914  to  7,500  tons  and  in  1915  to  10,800  tons.  This  production  consist- 
ed mostly  of  ferro-silicon  made  in  electric  furnaces  at  Welland  by  the 
Electro-Metals  Limited,  and  in  1915  a  little  ferro-phosphorus  made  at 
Buckingham,  P.Q.  by  the  Electric  Reduction  Company.  In  1916  the 
production  had  risen  to  28,600  tons,  valued  at  $1,777,000  and  included 
besides  ferro-silicon  and  ferro-phosphorus,  a  considerable  production  of 
the  valuable  product  ferro-molybdenum,  which  is  now  made  in 
electric  furnaces  at  Belleville  and  Orillia.  Ferro-silicon  is  now  made  at 
Shawinigan  as  well  as  at  Welland.  For  the  manufacture  of  steel  there 
is  a  considerable  demand  for  ferro-manganese  and  spiegel-eisen,  and 
experiments  are  now  in  progress  for  making  these  alloys  from 
Canadian  manganese  ores.  The  production  of  ferro-chrome  is  also 
under  consideration. 

325 


Gold  and  Silver. — More  than  80%  of  Canadian  silver  comes  from 
the  Cobalt  region,  and  during  the  period  of  the  war  the  production  has 
been  falling  slowly  as  the  mines  became  exhausted,  and  on  account  of 
the  scarcity  of  labour  and  supplies.  The  recent  rise  in  price  of  silver 
has  however  stimulated  the  production.  The  metallurgical  treatment 
of  the  ores  had  been  worked  out  prior  to  the  war,  but  the  recent 
development  of  the  flotation  process  has  improved  the  concentration 
processes  at  Cobalt.  The  production  of  silver  in  1916  was  25,600,000 
ounces,  valued  at  $16,800,000  and  in  1917  was  about  23,500,000  ounces. 
The  production  of  gold  in  Canada  was  varied  from  about  800,000  ounces 
to  1,000,000  ounces  per  annum  during  this  period;  gold  is  obtained  from 
Yukon,  British  Columbia  and  Ontario.  Before  the  war  the  two 
Western  provinces  had  the  largest  outputs,  but  since  the  growth  of 
the  Porcupine  district  the  production  of  Ontario  is  nearly  equal  to 
the  sum  of  the  other  two,  and  the  total  productionhas  somewhat 
increased. 

Lead. — The  need  of  lead  for  bullets  caused  an  increase  in  the 
mining  and  smelting  of  lead  ores,  with  the  result  that  in  1917,  when 
this  demand  was  reduced,  there  arose  a  difficulty  in  disposing  of  the 
lead  already  on  hand  and  undergoing  treatment.  The  management 
of  the  Trail  Smelter  informed  the  miners  that  they  would  only  take 
ores  that  were  relatively  free  from  zinc,  so  as  to  reduce  the  ore  supply 
and  at  the  same  time  obtain  a  better  grade  of  ore.  This  ruling  gave  rise 
to  a  great  outcry,  and  arrangements  were  made  with  the  Munitions 
Board  to  take  a  larger  amount  of  the  metal.  The  success  of  the 
Victory  Loan  should  enable  the  production  to  be  taken  up  by  the 
Board,  but  it  may  be  pointed  out  that  the  normal  Canadian  market 
for  lead  and  lead  products  is  amply  sufficient  for  the  Canadian 
production,  and  it  is  only  necessary  to  arrange  for  the  lead  being 
converted  into  marketable  forms.  Some  advance  has  been  made  in 
this  direction  and  there  are  two  "corroding"  plants  in  Montreal  for  the 
production  of  white  lead,  but  red  lead  and  litharge  should  also  be 
manufactured.  The  usual  production  of  lead  is  about  20,000  tons  per 
annum,  but  in  1917  it  amounted  to  28,000  tons.  The  Cottrell  electrical 
precipitation  process  for  the  collection  of  smoke  and  fume  has  proved 
of  great  service  in  the  treatment  of  ores  of  lead  and  zinc,  and  has  been 
introduced  at  the  Trail  Smelter. 

Antimony. — The  metal  antimony  was  selling  at  about  8  cents  per 
pound,  but  early  in  the  war  its  price  rose  to  16  cents,  and  later  to 
more  than  40  cents  a  pound.  Antimony  is  used  to  a  large  extent 
alloyed  with  lead  for  making  shrapnel  bullets,  and  the  supply  was  for 
a  time  insufficient  for  the  need,  so  that  bullets  have  been  made  of  lead 
encased  in  a  steel  shell,  the  whole  being  arranged  to  have  the  same 
size  and  weight  as  the  bullets  of  alloy  previously  in  use.  Antimony 
is  not  produced  to  any  extent  in  Canada,  although    a  small  amount  is 

326 


derived  from  the  electrolytic  refining  of  lead  at  Trail.  In  view  of  the 
high  price  and  unusual  demand  for  the  metal  a  mine  of  low  grade  ore 
at  Lake  George,  New  Brunswick  was  reopened  and  after  much  patient 
work  an  efficient  process  was  devised  for  extracting  the  metal  from 
the  ore  by  volatilization.  An  account  of  this  process  was  recently 
presented  to  the  Society  by  Mr.  J.  A.  DeCew,  M.  Can.  Soc.  C.  E. 
By  the  time  that  the  process  had  been  brought  to  a  satisfactory  cond- 
ition, other  supplies  of  antimony  became  available,  the  price  fell, 
and  the  mine  and  smelter  had  to  be  closed. 

The  metal  aluminium  is  made  at  Shawinigan  Falls  from  bauxite 
which  is  imported  from  France  and  elsewhere  as  no  ores  of  commercial 
value  have  been  found  in  Canada.  Figures  for  the  production  of  this 
metal  are  not  published  as  only  one  firm  is  engaged  in  the  industry,  but 
there  is  no  doubt  that  the  production  has  increased  materially  during 
the  war,  aluminium  being  needed  in  large  amounts  for  the  construction 
of  aeroplanes  and  other  military  equipment.  The  value  of  metal  exported 
from  Canada  in  1913  was  $1,700,000;  in  1914,  $2,300,000;  in  1915,  $3,300,000, 
and  in  1916,  $5,200,000. 

Aluminium  and  Magnesium. — The  process  of  extracting  aluminium 
from  alumina  (purified  bauxite)  consists,  as  is  well  known,  in  electro- 
lysing fused  salts  to  which  alumina  is  added.  Before  the  war  this  was 
the  only  operation  in  use  in  Canada,  that  depended  on  the  electrolysis 
of  fused  salts,  but  a  fresh  industry  of  this  kind  has  now  started — the 
production  of  the  metal  magnesium.  Before  the  war  this  metal  was 
made  in  Germany  from  the  natural  deposits  of  carnallite,  but  the  war 
stopped  this  source  of  supply.  The  writer  succeeded  in  producing 
magnesium  in  the  laboratory,  and  the  process  was  developed  into 
commercial  operation  at  Shawinigan  Falls.  At  present  the  crude 
materials  are  imported,  but  ultimately  it  is  intended  to  use  Canadian 
magnesite  as  the  ore  of  this  metal.  Magnesium  is  now  made  in  consid- 
erable quantities  at  this  plant;  it  is  used  in  the  form  of  powder  for 
star  shells  and  al  oyed  with  aluminium  for  the  construction  of  aero- 
planes. It  is  also  used  as  a  deoxidizing  addition  in  melting  certain  metals 
and  alloys. 

Cobalt. — The  metal  cobalt,  which  gave  its  name  to  the  largest  silver 
producing  district  in  Canada,  has  not  as  yet  found  very  many  uses. 
It  can  be  employed  like  nickel  for  plating,  but  being  more  costly 
its  use  is  limited.  It  has  also  been  employed  in  steel  making. 
Valuable  researches  in  regard  to  its  use  have  been  made  by  Professor 
Kalmus  at  Queen's  University.  A  recent  development  is  its  use  in  the 
production  of  "Stellite",  an  alloy  of  cobalt,  chromium  and  tungsten 
which   is  used  for  cutting  tools  in  place  of  high  speed  steel. 

Brass  Melting  and  Rolling. — In  connection  with  the  production  of 
zinc  and  the  refining  of  copper  in  Canada  the  need  arises  for  converting 
these  and  other  metals  into  marketable  forms.     The  Dominion  Copper 
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Products  plant  at  Lachine  has  been  built  during  the  war  for  melting 
and  rolling  brass  and  copper  for  use  in  shell  and  cartridge  cases.  As  the 
need  for  such  products  decreases,  it  is  expected  that  this  plant  and 
Brown's  Copper  and  Brass  Rolling  Mills  in  Toronto  will  be  employed 
on  a  large  scale  for  making  brass  and  other  non-ferrous  alloys  and  for 
rolling  these  and  the  metals  copper  and  zinc  into  forms  suitable  for 
use  by  Canadian  manufacturing  industries,  so  that  a  market  will  be 
found  in  Canada  for  Canadian  copper,  zinc,  nickel,  lead  and  other 
metals. 
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TESTS  OF  THE  CHAIN  FENDERS  IN  THE  LOCKS 
OF  THE  PANAMA  CANAL 

By  HENRY  GOLDMARK,  M.E.I.C. 

(Read  before  meeting  of  the  Montreal  Branch,  February  28,  1918.) 

GENERAL 

When  the  alternative  plans  for  the  Panama  Canal  were  under 
discussion,  advocates  of  the  sea-level  type  laid  great  stress  on  the  dangers 
to  navigation  inherent  in  a  lock  canal.  Such  dangers  undoubtedly  exist, 
although  experience  has  shown  that  the  risk  of  serious  accident  is  very 
small  in  locks  that  are  properly  designed  and  carefully  operated.  Even 
ai  the  Soo  where  the  traffic,  for  many  years,  has  been  extremely  heavy, 
only  one  serious  accident  is  on  record  since  the  first  lock  was  opened  in 
1855. 

In  comparing  the  two  types  in  the  case  of  Panama,  it  should  be 
borne  in  mind,  that  the  broad  and  deep  channels  provided  by  Lake 
Gatun,  possess  elements  of  safety  which  would  have  been  absent  in  the 
smaller  cross-sections  of  a  sea-level  canal. 

On  the  other  hand,  the  accidental  destruction  of  certain  of  the 
lockgates,  would  not  only  involve  the  risk  of  injury  to  vessels  but  might 
also  set  free  the  water  impounded  in  Lake  Gatun,  and  lower  its  level  so 
much  as  to  stop  navigation  for  a  long  period  of  time. 

In  working  out  the  detailed  plans  of  the  locks,  it  was  thought  wise 
to  take  all  possible  precautions  against  injury  to  the  gates  and  to  provide 
special  safeguards  against  further  damage  in  case,  after  all,  one  or  more 
gates  were  accidentally  destroyed. 

The  safeguards  adopted  with  these  ends  in  view  are  the  following: — 

(1)  Electric  Locomotives  for  towing  all   vessels  through  the   locks. 

These  travel  on  a  rack  railroad  close  to  the  edge  of  the  lock 
walls  and  have,  so  far,  proved  entirely  satisfactory  in  controlling 
vessels  and  keeping  them  centered  in  the  lock  chambers. 

(2)  Chain  Fenders  for  protecting  the  most  important  gates. 

(3)  Duplicate  Gates  in  certain  parts  of  the  locks.     There  are  the  usual 

"guard  gates"  at  both  ends  of  each  lock  flight  and  besides  these 
a  second  pair  of  lower  operating  gates   is  provided   in   Pedro 
Miguel  lock  and  the  upper  chamber  at  Gatun  and  Miraflores. 
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(4)  Emergency  Dams  of  the  drawbridge  type  at  the  upper  end  of  each 
lock  for  shutting  off  the  flow  of  water  in  case  of  serious  injury 
to  the  gates. 

The  first  of  these  devices  forms  a  part  of  the  machinery  used  in 
normal  locking.  As  long  as  it  functions  properly  no  further  safety 
mechanism  comes  into  operation. 

The  second  device,  the  chain  fender,  protects  the  gates,  when,  for 
any  reason,  a  vessel  is  not  under  the  control  of  the  towing  system. 

The  third  safeguard,  the  duplicate  gate,  in  its  turn,  does  not  come 
into  play,  until  the  fender  protecting  it  has  failed  to  fulfill  its  proper 
function  and  finally: 

The  emergency  dam  is  needed  only  after  all  the  preceding  safety 
appliances  have  failed  so  that  it  becomes  necessary  to  check  the  current 
of  water  flowing  through  the  locks. 

A  full  description  of  the  various  safety  appliances  is  given  in  a  series 
of  papers  on  the  Panama  Canal  written  by  the  members  of  the  engineering 
staff  responsible  for  the  different  parts  of  the  work  and  presented  to  the 
International  Engineering  Congress  at  San  Francisco  in  1915.  * 

They  are  also  described  in  a  concise,  but  readable  and  comprehensive 
article,  published  in  "Engineering  and  Contracting"  Jan.  7,  1914,  which 
is  the  best  general  account  of  the  Panama  Canal  known  to  the  writer. 
Reference  should  also  be  made  to  an  excellent  paper  **,  which  records 
the  experiences  obtained  in  the  actual  operation  of  the  locks,  since  the 
opening  of  the  canal. 

The  chain  fenders,  the  second  of  the  safeguards  mentioned  above, 
were  adopted  at  the  suggestion  of  the  writer  who  was  in  immediate 
charge  of  their  design  and  construction.  While  similar  fenders  have  been 
used  in  English  locks  for  a  number  of  years,  they  are  believed  to  be 
inferior  in  strength  and  reliability  to  the  Panama  design. 

The  present  paper  is  intended  to  supplement  previous  articles  on  the 
Chain  Fenders  and  more  especially  to  put  on  record,  in  a  systematic 
form,  some  unique  tests  which  were  made  during  the  construction  of  the 
fenders,  as  well  as  since  the  canal  has  been  opened  for  use. 

In  view  of  the  many  novel  features  and  the  fact,  that,  in  actual 
service  the  fenders  proved  entirely  satisfactory  in  bringing  vessels  to 
rest,  it  was  thought  that  an  account  of  these  tests  might  be  of  interest 
to  the  Society. 

*  Transactions  of  the  International  Engineering  Congress  1915.  The 
Panama  Canal  Vol  II.  Also  published  separately  by  the  McGraw 
Hill  Publishing  Co.,  N.Y.  1916. 

**  First  Year's  Operation  of  the  Locks  of  the  Panama  Canal;  F.  C. 
Clark  and  R.  H.  Whitehead.  Journal  of  the  Western  Society  of  Engineers 
Vol.  XXI  No.  4.     April  1916. 
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The  fenders  were  placed  in  the  upper  and  lower  approaches  to  the 
lock  flights,  thus  protecting  the  upper  and  lower  guard  gates,  and  also 
just  above  the  intermediate  and  lower  gates  in  the  Pedro  Miguel  lock 
and  the  upper  chamber  at  Gatun  and  Miraflores. 


DESCRIPTION  OF  FENDER  MACHINERY. 

It  is  deemed  unnecessary  to  give  a  detailed  description  of  the  fender 
machinery,  although  a  brief  account  is  requisite  for  a  proper  comprehen- 
sion of  the  tests.  The  fenders  consist  of  heavy  chains,  which  normally 
span  the  lock  chambers,  near  the  top,  being  lowered  to  the  lock  floor, 
when  a  vessel  is  about  to  pass.  Each  gate  and  its  protecting  fender  are 
interlocked  electrically,  so  that  the  chain  cannot  be  lowered,  until  the 
gate  is  opened,  and  hence  is  no  longer  in  danger  from  collision. 

The  chain  is  arranged  to  pay  out  under  stress,  when  it  is  struck  by  a 
vessel,  so  that  the  energy  of  the  vessel  is  absorbed  and  it  is  brought  to 
rest  without  damage.  The  machinery  must,  therefore,  not  only  make 
provision  for  lowering  and  raising  the  chain,  in  daily  operation,  but  must 
also  include  some  reliable  means  of  putting  the  chain  under  stress  when 
it  is  stopping  a  vessel.  Evidently  the  success  of  the  entire  fender  depends 
upon  the  mechanism  for  producing  a  suitable  resistance  to  the  travel  of 
the  chain  in  its  emergency  action. 

In  the  English  fenders,  mentioned  above,  the  friction  of  the  chain 
about  a  horizontal  cast  iron  cylinder  placed  on  one  of  the  lock  walls,  is 
depended  upon,  to  give  the  necessary  resistance.  A  small  hoisting 
engine  on  the  other  wall  raises  and  lowers  the  chain. 

The  writer  examined  one  of  these  fenders  at  Avonmouth  near  Bristol 
in  1908,  and  discussed  their  details  with  the  designers  and  builders, 
Messrs.  Brown,  Lenox  &  Co.  of  Pontyprid,  Wales.  They  are  simple  in 
construction,  but  the  frictional  resistance  is  likely  to  be  variable  in 
amount.  It  is  also  believed  that  lowering  the  chain  from  one  end  only 
is  undesirable,  as  it  often  forms  a  loop  at  the  bottom,  which  may  foul 
vessels  in  the  lock.  As  far  as  could  be  learned,  no  tests  in  actually  stop- 
ping vessels  have  ever  been  made  with  these  fenders. 

It  is  proper  to  add  that  the  Panama  designs  were  well  in  hand  before 
the  writer  had  heard  of  the  English  fenders,  although  their  inspection 
proved  of  much  interest.  He  would  also  like  to  record  here,  his  indeb- 
tedness to  his  friend,  Mr.  E.  H.  McHenry,  M.  Can.  Soc.  C.  E.,  for  most 
valuable  suggestions  in  connection  with  the  first  inception  of  the  Panama 
chains. 

The  adopted  design  was  the  result  of  an  extended  investigation. 
Frictional  resistances  of  different  kinds  were  studied,  also  the  use  of  heavy 
weights,  for  stopping  the  vessels,  but  the  hydraulic  apparatus  finally 
selected  was  considered  to  have  advantages  over  all  otherforms. 
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With  some  minor  variations,  the  design  shown  on  Plate  (1)  was  used 
in  all  the  twenty-four  fenders  built  at  Panama.  There  are  three  cylinders 
of  the  plunger  type,  the  upper  of  which  is  suspended  from  beams  spanning 
the  machine  pit  while  the  bottom  plunger  rests  directly  on  the  concrete. 
The  intermediate  cylinder  is  movable,  and  slides  on  the  inner  surface  of 
the  upper  and  the  outer  surface  of  the  lower  cylinder.  The  chain  passes 
through  a  hawse-pipe  casting  of  steel,  secured  to  a  heavy  anchorage,  and 
is  connected  to  the  moving  cylinder  by  a  system  of  grooved  sheaves. 
The  pull  of  the  chain  when  stopping  a  vessel  is  transferred  to  the  anchors 
embedded  in  the  concrete. 

The  lowering  and  raising  of  the  chain  is  brought  about  by  pumping 
water  under  pressure  into  the  bottom  and  top  cylinders  respectively. 
The  maximum  stroke  is  21'  3"  and  the  multiplication  given  by  the  sheaves 
is  four  fold,  so  that  the  chain  pays  out  85  ft.  from  each  wall,  a  length 
which  is  sufficient  for  the  deepest  lock  and  also  provides  ample  stopping 
power  in  emergency  operation. 

The  chains  were  made  from  wrought  iron  bars  3"  in  diameter  and 
have  links  10"  wide  and  17"  long.  The  sections  spanning  the  lock 
chamber  have  standard  Navy  stud  links,  while  open  links  are  used  for 
the  part  that  passes  around  the  sheaves.  Considerable  difficulty  was 
met  with  in  obtaining  chains  of  proper  strength,  especially  the  open 
links  which  have  rarely  been  made  of  so  large  a  size.  The  specified 
breaking  strength  was  500,000  lbs.  for  the  studded  and  450,000  lbs.  for 
the  open  links,  but  all  shots  of  chain  were  subjected  to  proof  tests  of 
300,000  lbs.  and  250,000  lbs.  respectively. 

The  operation  of  lowering  and  raising  of  the  chain  will  be  readily 
understood  from  the  plans,  especially  the  small  diagram  on  Plate  1 
which  shows  the  arrangement  of  the  piping  and  valves. 

In  order  to  start  the  cylinder,  on  either  the  upward  or  downward 
stroke,  it  is  necessary  to  start  the  centrifugal  pump  and  also  to  reverse 
the  position  of  the  operating  valve  which  controls  the  direction  of  the 
flow.  The  latter  is  of  the  double  piston  type  and  operated  by  a  small 
electric  motor.  Both  the  pump  and  valve  motors  are  normally  started 
from  the  central  control  house,  from  which  all  the  gate  and  valve  machines 
in  the  lock  flight  are  controlled,  but  local  control  is  also  provided  for. 

The  cylinder  is  brought  to  rest  at  each  end  of  the  stroke  by  a  limit 
switch  which  stops  the  pump  automatically,  and  it  also  starts  the  same 
whenever  leakage  has  caused  the  cylinder  to  move  up  or  down  a 
predetermined  distance  from  its  end  position. 

The  maximum  pressure  in  the  cylinders  is  from  100  to  150  lbs.  per  sq. 
in.,  the  higher  pressure  being  required  in  lowering  the  chain,  as  the  heavy 
intermediate  cylinder  has  to  be  lifted  in  this  case. 

332 


Typical  indicator  diagrams  taken  on  the  first  fender  erected  (at 
Gatun  locks)  are  given  in  Figs.  1  and  2.  The  high  pressure  prevails  in 
the  upper  cylinder  when  raising  and  the  lower  cylinder  when  lowering 
the  chain. 

The  pump  has  two  stages,  the  first  being  of  the  volute,  the  second 
of  the  turbine  type,  a  somewhat  novel  arrangement,  which  has  proved 
entirely  satisfactory.  The  pump  has  a  6"  suction  and  5"  discharge  pipe 
and  is  operated  at  460  r.p.m.  by  a  70  H.P.  250  volt  25  cycle  induction 
motor.  The  lowering  or  raising  of  the  chain  is  done  in  about  one  minute 
in  a  perfectly  satisfactory  manner,  the  chain  dropping  into  a  pit  in  the 
floor  so  as  to  offer  no  obstruction  to  the  passage  of  vessels. 

EMERGENCY  OPERATION. 

As  the  sole  function  of  the  fender  is  the  checking  of  vessels,  the 
device  for  maintaining  a  heavy  tension  on  the  chain,  as  it  pays  out, 
after  being  struck,  is  the  most  vital  part  of  the  entire  apparatus. 

It  consists  of  a  pair  of  resistance  or  relief  valves  placed  as  shown  in  the 
Diagram  of  Operating  Machinery  on  Plate  1.  When  the  chain  is  struck 
by  a  vessel,  there  is  a  tendency  for  the  moving  cylinder  to  rise,  so  that 
the  water  pressure  in  the  piping  increases  rapidly.  The  resistance  valves 
must  permit  the  water  to  escape,  as  soon  as  the  pressure  reaches  a  point 
corresponding  to  a  suitable  working  tension  in  the  chain  links  and  then 
keep  the  pressure  as  nearly  constant  as  possible.  As  a  rule  it  will  be 
necessary,  in  order  to  accomplish  this  result,  for  the  opening  in  the  valves 
to  vary  slightly  as  the  chain  pays  out.  Their  movement  must,  of  course, 
be  reliable  and  they  must  close  promptly  when  the  strain  on  the  chain 
is  entirely  relieved. 

It  should  be  noted  that  the  travel  of  the  chain  is  resisted  not  only  by 
the  hydraulic  resistance  to  the  motion  of  the  cylinder  but  also  by  the 
weight  of  the  cylinder  and  other  moving  parts,  by  the  friction  of  the 
chain  at  the  hawse-pipe  casting,  as  well  as  by  frictional  resistance  in  the 
machinery  itself.  As  will  be  seen  later,  it  proved  entirely  feasible  to 
measure  these  supplemental  forces  accurately.  They  proved  about 
equal  in  amount  to  the  internal  hydraulic  resistance,  making  it  necessary 
to  set  the  valves  which  control  the  pressure  in  the  cylinder,  for  a  much 
lower  pressure  than  originally  contemplated. 

It  may  be  seen  by  reference  to  the  piping  diagram,  that,  with  the 
chain  in  its  normal  operating  condition  across  the  top  of  the  lock,  all 
gate  and  check  valves  are  closed,  so  that  the  resistance  valves  provide 
the  only  means  by  which  the  pressure  can  be  relieved. 

In  view  of  the  importance  of  the  subject,  various  types  of  valves 
that  seemed  suitable  for  the  purpose  were  carefully  studied,  and  three 
different  designs  were  finally  selected  for  detailed  tests.  The  first  of 
these  was  a  differential  piston  valve  of  special  design  which  originated 

333 


in  the  writer's  office  and  is  referred  to  in  the  sequel  as  the  I.  C.  C.  Valve. 
It  did  not  prove  entirely  satisfactory  in  the  tests.  The  second  valve 
was  made  by  the  H.  Mueller  Manufacturing  Co.  of  Decatur,  111.,  and 
differed  from  their  standard  design  mainly  in  the  use  of  bronze  for  the 
valve  body  in  order  to  withstand  the  high  pressures.  This  valve  is  quite 
simple.  There  is  a  disk  4£"  in  diameter  with  a  conical  seat.  The  stem 
is  directly  controlled  by  a  heavy  helical  spring,  which  keeps  it  from 
rising  until  the  pressure  reaches  the  predetermined  amount  for  which 
the  valve  has  been  set.  The  third  valve  was  built  by  the  Ross  Valve 
Manufacturing  Co.  of  Troy,  N.Y.  from  their  own  designs.  It  is  practi- 
cally identical  with  the  valve  used  with  much  success  in  maintaining  a 
uniform  pressure  in  the  high  pressure  fire  mains  of  New  York  City.  The 
main  valve  has  a  movable  stem  with  two  pistons  6"  in  diameter,  arranged 
so  as  to  be  very  nearly  balanced.  There  is  an  auxiliary  valve  of  safety 
spring  diaphragm  type,  which  opens  at  a  definite  pressure,  for  which  it 
may  be  set,  and  also  a  small  needle  valve  permitting  the  escape  of  water. 
The  pressure  at  which  the  main  valve  opens  depends  upon  the  setting 
of  the  auxiliary  valve  and  the  needle  valve.  The  pressure  actually 
maintained  at  the  main  valve  is  usually  somewhat  higher  than  that  for 
which  the  auxiliary  valve  is  set. 

The  tests  were  very  carefully  made,  with  delicate  apparatus,  so  that 
they  may  be  called  laboratory  experiments  on  a  large  scale,  and  proved 
of  sufficient  interest  to  warrant  their  publication  in  some  detail.  There 
were  three  series  of  tests: — 

(1)  Preliminary  tests  on  the  three  valves  at  a  large  pumping  plant  in  the 

United  States,  which  provided  water  under  high  pressure. 

(2)  Tests  made  on  the  first  fender  machine  erected  in  Gatun  Lock,  the 

chain  being  put  into  tension  by  a  large  winding  engine. 

(3)  Actual  working  tests  of  one  of  the  Gatun  fenders  in  stopping  large 

vessels. 


FIRST  SERIES  OF  TESTS  (AT  NEWARK,  N.J.) 


(1)  The  first  set  of  tests  was  made  in  May  1912  in  the  power  plant  of 
the  Prudential  Life  Insurance  Co's.  building  at  Newark,  N.J.  The  public 
spirit  of  the  Company  in  permitting  the  use  of  its  plant,  was  much  appre- 
ciated, as  the  tests  proved  of  great  value  in  giving  greater  confidence  in 
this  type  of  fender. 

The  arrangement  of  the  apparatus  is  shown  in  Fig.  3.  Water  under 
pressure  was  supplied  by  three  high-pressure  pumps  and  regulated  by 
three  accumulators  on  the  discharge  lines,  the  pressure  at  the  accumul- 
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ators  being  about  750  lbs.  per  sq.  in.  while  the  discharge  was  as  much  as 
3,400  gal.  per  minute.  A  pipe  8"  in  diameter  conveyed  the  water  from  the 
accumulators  to  the  resistance  valve.  Beyond  the  valve  an  increaser 
was  placed  for  connection  to  the  12"  Venturi  tube.  On  the  high  pressure 
side  of  the  resistance  valve  was  placed  an  8."  diameter  gate  valve,  with 
by-pass,  which  was  generally  kept  entirely  open  during  the  tests.  Next 
to  this  was  placed  an  8"  diameter  quick-opening  valve  also  with  a  by- 
pass. The  flow  of  water  was  regulated  by  this  last  valve.  It  is  believed 
that  the  throttling  of  the  water  in  passing  through  the  latter  valve  was, 
to  a  great  extent,  the  cause  of  the  reduction  of  pressure  during  heavy 
flow,  shown  in  the  tests.  Beyond  the  resistance  valve  the  discharge 
pipe  lead  to  a  12"  Venturi  Meter  for  measuring  the  rate  of  flow. 

By  means  of  three  gas-engine  indicators,  the  drums  of  which  were 
arranged  to  be  revolved  uniformly  by  a  small  electric  motor,  the  pres- 
sures on  the  high  pressure  side  of  the  resistance  valve,  at  a  point  just 
above  the  Venturi  meter,  and  at  its  throat,  were  continuously  recorded. 
From  the  indicator  cards  thus  obtained,  the  pressures  at  the  resistance 
valve,  and  the  rate  of  flow  at  any  given  instant  of  time,  can  be  readily 
found.  The  Venturi  Meter  had  been  calibrated  very  accurately  by  its 
makers,  the  Builders  Iron  Foundry  of  Providence,  R.I.  The  use  of  a 
Venturi  where  the  discharge  varies  so  rapidly  as  in  this  case,  was  some- 
what novel.  It  is  believed,  however,  that  the  results  obtained  were 
sufficiently  accurate  for  the  purpose. 

I.  C.  C.  VALVE:— 

Seventeen  tests  were  made  in  all  with  this  valve,  a  summary  of  which 
is  given  in  Table  I.  It  will  be  seen  that  the  valve  worked  satisfactorily 
for  discharges  as  high  as  750  gal.  per  minute.  For  greater  rates  of  flow, 
as  shown  in  Tests  Nos.  2,  7  and  17,  the  results  were  unsatisfactory.  The 
plunger  moved  up  and  down  violently,  causing  severe  vibrations  in  the 
piping  system. 

The  unsatisfactory  results,  under  heavy  flow,  were  ascribed  to  the 
large  momentum  of  the  plunger  at  the  time  of  opening,  resulting  in 
oscillations  and  causing  water-hammer. 

This  type  of  valve  was  abandoned  as  the  result  of  the  above  tests. 


MUELLER  VALVE:— 

A  total  of  twenty  tests  was  made  with  this  valve,  the  results  of  which 
are  given  in  Table  II.  Tests  Nos.  1  to  11  gave  a  rate  of  flow  of  2,000 
gal.  per  minute,  or  less.  Tests  Nos.  12  to  20  gave  higher  rates  of  flow. 
The  accumulators  ran  down  during  test  No.  14,  showing  that  the  capacity 
of  the  plant  had  been  reached.  In  these  tests  the  valve  gave  results 
that  were  satisfactory  in  every  respect,  proving  itself  capable  of  reducing 
pressures  from  550  lbs.  to  about  zero  under  a  flow  of  3,000  gal.  per  minute. 
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Typical  indicator  diagrams  from  Test  No.  16  have  been  reproduced 
in  Figs.  4,  5  and  6. 

ROSS  VALVE: 

A  total  of  twenty-seven  tests  was  made  with  this  valve,  the  results 
of  which  are  given  in  Table  III.  Tests  Nos.  1  to  18  gave  rates  of  flow 
of  2,000  gal.  per  minute,  or  less.  Tests  Nos.  19  to  27  gave  higher  rates 
of  flow. 

Indicator  diagrams  from  Test  No.  23,  are  reproduced  in  Fig.  7, 
8  and  9  as  typical  of  these  tests. 

The  action  of  this  valve  was  also  satisfactory  in  every  respect. 

It  will  be  noted  that  in  this,  as  in  the  other  tests,  there  was  a  decided 
drop  in  the  pressures  maintained,  in  the  larger  as  compared  with  the 
smaller  discharges. 

As  the  results  of  these  tests  made  at  Newark,  four  valves,  two,  of 
the  Ross  and  two  of  the  Mueller  type  were  purchased  for  further  trial 
on  the  Isthmus. 


SECOND  SERIES  OF  TESTS  (MADE  IN  GATUN  LOCK) 

These  tests  were  made  in  the  winter  of  1913  on  the  first  fender  erected 
on  the  Isthmus,  which  was  in  the  upper  approach  to  the  Gatun  locks. 
One  Ross  and  one  Mueller  valve  had  been  attached  to  each  machine. 
Only  one  valve  was  used  at  a  time,  the  other  being  entirely  shut  off 
from  the  piping.  At  this  time  there  was  no  water  in  the  locks.  It  was 
intended  that  these  tests  should  be  made,  as  nearly  as  possible,  under 
the  conditions  that  would  prevail  with  the  fenders  in  actual  operation. 
The  chain  had  been  connected  to  the  machines  on  both  the  walls  and 
was  stretched  across  the  lock  at  the  top.  It  was  proposed  to  fasten 
a  cable  to  the  chain  at  a  point  half  way  across  the  chamber  wall,  and 
attach  the  other  end  to  a  large  winding  engine  on  one  of  the  walls.  In 
this  way,  a  pull  along  the  axis  of  the  lock  would  have  been  exerted,  the 
effect  being  similar  to  the  thrust  of  a  vessel  striking  the  chain.  It 
proved  necessary  to  modify  this  programme  slightly.  The  middle 
section  of  the  chain  was  detached  and  the  cable  connected  directly  to 
the  end  of  the  chain  where  it  emerged  from  the  hawse-pipe  on  one  of  the 
walls — .  The  arrangement  is  shown  in  Figs.  10,  12  and  14.  In 
the  first  series  of  tests  (Fig.  10)  the  cable  made  an  angle  of  12H°  with 
the  wall  so  that  there  was  friction  between  the  chain  and  the  hawse- 
pipe  casting.  In  the  second  Series  (Fig.  12)  a  snatch  block  was  fastened 
to  the  opposite  wall  so  that  the  cable  made  an  angle  of  nearly  90°  with 
the  wall  and  did  not  touch  the  hawse-pipe.  In  the  third  arrangement 
(Fig.  14),  a  second  block  was  added  in  order  to  increase  the  pull  on  the 
chain. 
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For  these  tests  a  Lidgerwood  Unloader,  consisting  essentially  of 
a  60  ton  winding  engine  mounted  on  a  flat  car,  and  supplied  with  steam 
from  a  locomotive,  was  placed  on  the  wall  opposite  the  fender  machine 
to  be  tested,  and  about  600  ft.  from  the  same;  the  tension  in  the  chain 
was  produced  by  winding  in  on  the  unloader,  thus  causing  the  moving 
cylinder  of  the  fender  machine  to  tend  to  rise,  producing  a  pressure  in 
the  upper  cylinder.  The  amount  of  pressure  depended  on  the  setting  of 
the  resistance  valves.  The  cylinder  pressures  were  shown  by  gauges 
and  continuously  recorded  by  the  indicators  which  were  used  in  the  tests 
made  in  the  United  States.  The  valves  were  set,  by  trial,  for  gradually 
increasing  pressures. 

A  number  of  runs  were  made  with  the  arrangement  shown  in  Fig. 
10,  the  pressure  varying  from  170  to  350  lbs.  per  sq.  in.  When  the  pressure 
exceeded  350  lbs.  the  unloader  was  apparently  unable  to  overcome 
the  hydraulic  resistance  and  the  hawse-pipe  friction  and  internal  resis- 
tances in  the  machinery. 

A  typical  run  is  shown  in  Fig.  11. 

After  the  valves  had  been  adjusted,  the  pressure  curves  were  very 
uniform  for  both  types  of  valve,  with  practically  constant  pressures 
throughout  the  stroke,  except  for  the  small  oscillations  due  to  chain 
friction  on  the  hawse-pipe.  The  plunger  speed  varied  from  6  to  25  ft. 
per  minute  (equivalent  to  flows  of  350  to  1470  gal.  per  minute),  being 
limited  by  the  capacity  of  the  unloader.  The  low  speeds  correspond 
to  the  highest  pressures. 

Four  runs  were  made  with  the  second  arrangement,  when  the  cable 
parted  owing  to  imperfections.  The  pressures  ranged  from  310  to  370 
lbs.  per  sq.  in.,  as  shown  on  the  typical  card,  Fig.  13.  The  pressures 
were  perfectly  constant  and  steady,  without  any  of  the  small  variations 
due  to  hawse-pipe  friction. 

For  the  third  set  of  tests  there  was  a  three  fold  multiplication  of  the 
rope  (Fig.  14),  the  pull  being  again  nearly  normal  to  the  walls.  A  series 
of  runs  was  made,  using  the  two  valves  alternately,  with  pressures  running 
up  to  550  lbs.  per  sq.  in.  at  plunger  speeds  as  high  as  8.4  ft.  per  minute. 
In  the  final  test  a  maximum  pressure  of  630  lbs.  was  reached  when  the 
chain  broke  in  a  flaw.     Fig.  15  shows  a  typical  card. 

The  pressure  curves  obtained  with  both  valves,  in  the  last  series 
of  tests,  were  also  entirely  uniform  and  satisfactory.  In  these  tests, 
as  in  those  previously  made  in  the  United  States,  both  types  of  valve 
gave  equally  good  results.  The  choice  became  a  difficult  one.  The 
simplicity  of  the  Mueller  Valve  was  in  its  favor.  The  Ross  valve  appear- 
ed, however,  to  have  two  advantages.  In  the  first  place,  it  is  more 
readily  set  for  the  desired  pressure,  as  the  auxiliary  valve  is  controlled 
by  very  small  springs.  In  the  second  place,  it  was  possible  to  connect 
the  auxiliary  valve  by  a  small  pipe  directly  with  the  large  machine 
cylinder,  and  thus  control  directly  the  pressure  in  the  cylinder  itself, 
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and  not  the  pressure  in  the  piping  close  to  the  valve.  In  this  way,  the 
variable  drop  in  pressure  between  the  cylinder  and  the  point  in  the 
piping  at  which  the  valve  is  attached,  was  entirely  eliminated.  For 
these  reasons,  the  Ross  Valve  was  finally  selected  for  use  in  all  the 
fenders. 


THIRD  SERIES  OF  TESTS  (MADE  IN  GATUN  LOCK) 
TO  DETERMINE  FRICTIONAL  RESISTANCES 


In  order  to  determine  the  most  suitable  pressure  for  setting  the 
valves,  a  further  set  of  experiments  was  made  in  February  1914.  Their 
purpose  was  to  measure  the  friction  of  the  chain  on  the  hawse-pipe  and 
the  frictional  and  other  resistances  in  the  machinery.  The  arrangement 
of  the  apparatus  is  shown  in  Fig.  16.  It  differed  from  that  previously 
used  by  the  addition  of  an  hydraulic  dynamometer,  for  measuring  the 
strain  in  the  wire  rope,  close  to  the  winding  engine.  This  dynamometer 
was  compared  with  a  standard  spring  dynamometer  and  found  to  be 
practically  frictionless  and  to  give  correct  results.  Indicator  cards 
were  taken  simultaneously  at  this  dynamometer  and  at  the  upper  cylin- 
der of  the  fender  machine.  From  these  the  effect  of  friction,  etc.  was 
readily  determined. 

Two  series  of  tests  were  made.  In  Series  I,  the  chain  pull  was  at 
90°  with  the  lockwall,  so  that  there  was  no  friction  at  the  hawse-pipe. 
In  Series  II,  the  pull  was  at  25_|°  with  the  wall  so  that  the  total  resistance 
included  hawse-pipe  friction. 

The  observations  are  plotted  in  Figs.  17  and  18  in  which  the  abscissas 
and  ordinates  are  respectively  the  pressure  (P)  in  the  machine  cylinder 
and  (p)  at  the  dynamometer,  both  in  lbs.  per  sq.  in. 

There  is  a  four-fold  multiplication  between  the  movement  of  the 
machinery  cylinder  and  the  travel  of  the  chain,  and  a  further  three- 
fold multiplication  in  the  wire  cable,  while  the  cross  sections  of  the 
machine  and  dynamometer  cylinders  are  respectively  1134  and  380  sq.  in. 
Hence,  if  friction  and  the  weight  of  the  moving  cylinder  be  entirely 
disregarded,  the  corresponding  values  of  p  and  P  whould  be  given  by 
the  equation: 


1134 

xP  =  0.25P 


3  x  4  x  380 


In  Fig.  17  the  simultaneous  readings  in  the  two  cylinders,  when 
there  was  no  hawse-pipe  friction,  were  plotted.  It  was  found  that  a 
straight  line  could  readily  be  drawn,  which  fairly  represented  the  actual 
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readings,  and  was  at  the  same  time  parallel  to  the  line  of  no  friction 
p  =  0.25  P.  This  showed  that  the  sum  of  the  internal  machine  friction, 
and  the  weight  of  the  moving  parts  is  constant  for  all  pressures.  It  is 
represented  by  the  difference  between  the  ordinates  of  the  two  lines  and 
found  to  be  equal  to  30  lbs.  per  sq.  in.  in  the  dynamometer,  corresponding 
to  a  pull  of  3  x  380  x  30=34,200  lbs.  in  the  chain. 

The  second  series  of  measurements  is  plotted  in  Fig.  18.  The 
observations  cannot  be  as  closely  represented  by  a  linear  equation  as 
in  the  previous  case,  though  the  line  drawn  in  the  figure  gives  a  fair 
average.  The  difference  between  the  ordinates  of  this  line  and  the 
upper  line  in  Fig.  17  represents  the  effect  of  the  hawse-pipe  friction. 
Its  effect  on  the  pressure  at  the  dynamometer  is  p  =  0.20  P. 

Taking  hawse-pipe  friction,  and  all  other  resistances,  into  account, 
we  have: 

p  =  0.25  P+30+0.20  P  =  0.45  P+30. 

If  now  T1  and  T2  represent  the  pull  on  the  chain  inside  arid  outside 
the  hawse-pipe  respectively,  we  readily  obtain  from  the  previous 
equations: 

Tj  =  — —  P+34,200  =  283.5  P+34,200. 
and 

T2  =3  x  380  p  =  1140  p  =  513  P+34,200 

while  their  difference — 

T2 — T1  =  229.5  P  represents  the  effect  of   hawse-pipe   friction. 

As  noted  above,  series  II  gives  rather  irregular  results  for  the  value 
of  p.  This  was  doubtless  due  in  part  to  the  wear  of  the  chain  and  hawse- 
pipe  during  the  tests.  Flat  places  were  worn  on  the  side  of  the  chain 
links  as  wide  as  2f"  and  as  long  as  7".  and  on  the  hawse-pipe,  7" 
wide  and  40"  long,  the  maximum  depth  in  both  cases  being  about  \" . 
This  wear  of  the  chain  and  hawse-pipe  evidently  increased  the  friction 
as  is  shown  on  plotting  the  values  of  p,  which  were  larger  for  the  later 
observations. 

It  becomes  still  more  apparent  on  computing  the  coefficient  of  friction. 
This  can  be  done  by  the  formula: 


!  T      I     64  5  T 

^hwX2-73=log-^0-489 


in  which  f  =  coeff.  of  friction. 
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64.5  =  arc  of  contact  of  chain  around  hawse-pipe,  while  the  log. 
is  a  common  or  Briggsian  logarithm  (See  Unwin  Machine  Design,  New 
Edition,  Part  I  p.  447).  The  coefficients  are  plotted  in  Fig.  19.  The 
higher  values  of  f  in  the  later  experiments  become  quiteclear  on  inspection . 

The  principal  purpose  of  the  foregoing  tests  was  to  determine  the 
proper  pressure  for  the  setting  of  the  resistance  valves. 

For  a  given  cylinder  pressure,  as  shown  above,  the  maximum  pull 
on  the  chain;  i.e.,  the  pull  outside  of  the  hawse-pipe,  is 

T,  =513  P  + 34,200 

The  proper  value  to  be  used  for  T.2  depends  on  the  strength  of  the 
chain;  as  shown  by  test. 

The  minimum  breaking  strength,  permitted  for  any  link,  was  400,000 
lbs.  and  all  chains  had  also  to  stand  a  proof  test  of  245,000  lbs.  without 
sign  of  failure. 

As  there  will  also  be  some  secondary  stresses  due  to  bending  of 
the  chain  around  the  sheaves  and  to  other  causes,  it  seemed  best  to 
limit  the  working  stress  to  220,000  lbs.     For  this  value  of  T,  we  have — 

„     m    34200      220,000—34200 

P=T., =  — =  362 

'    513  513 

It  was  therefore  decided  to  fix  the  cylinder  pressure  at  360  lbs.  per  sq.  in. 

At  this  pressure,  of  the  total  chain  pull  of  220,000  lbs.,  I i  x  360)  or 

104,120  lbs.  is  due  to  the  cylinder  pressure  i.e.,  only  about  one-half  the 
total  stress,  the  rest  being  the  result  of  the  weight  of  the  moving  parts, 
the  internal  resistances  of  the  machinery  and  the  friction  at  the  hawse- 
pipe. 


FOURTH  SERIES  OF  TESTS  (MADE  IN  GATUN  LOCK) 
TESTS  IN  STOPPING  VESSELS 

The  foregoing  tests  gave  a  reasonable  assurance  that  the  fenders 
would  function  properly  in  stopping  vessels.  Twenty-two  of  the  fenders 
were  therefore  built,  practically  identical  in  plan,  while  two  others 
(in  the  lower  approach  to  Miraflores  Lock)  differ  only  in  having  two 
chains  stretched  across  the  lock  at  different  levels,  to  provide  for  the 
great  difference  (22  ft.)  between  high  and  low  tides  in  the  Pacific.  Their 
machinery  is  absolutely  identical  with  that  in  the  other  fenders,  the  high 
and  low  level  chains  being  alternately  connected  and  detached,  as  the 
tide  changes. 
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It  was,  of  course,  desirable,  to  make  an  actual  test  of  the  fenders 
in  checking  a  vessel  in  the  lock. 

In  October  and  November  1915,  after  the  writer  had  left  the  Isthmus, 
a  number  of  such  tests  were  therefore  made  by  a  Board  appointed 
by  the  Governor  of  the  Canal.  They  proved  of  great  interest  and  value 
especially  as  the  vessels  were  of  considerable  size.  Two  ships  were 
used,  the  "Allianca"  having  at  the  time  a  displacement  of  4,221  tons, 
and  moving  at  speeds  varying  from  1.23  to  3.38  miles  per  hour,  and 
the  "Cristobal"  with  a  displacement  of  18,000  tons  and  speeds  as  high 
as  2.45  miles  per  hour. 

The  resistance  valves  were  set  to  open  at  360  lbs.  per  sq.  in.  in  most 
of  the  tests,  and  the  propellers  of  the  vessels  were  stopped  in  every 
case  before  the  chain  was  struck.  Indicators  were  connected  to  the 
piping  system  in  both  the  machinery  rooms  (Nos.  810  and  811 — Gatun 
lock),  and  the  pressures  and  also  the  travel  of  the  moving  cylinder  of 
the  machines  were  automatically  recorded. 

A  rope  mat  was  woven  around  the  central  portion  of  the  chain  and 
a  similar  protection  given  to  the  stem  of  the  ship.  The  Photograph  PL 
3  shows  the  "Cristobal"  approaching  the  fender.  No  damage  to  the 
ships  occurred  as  a  result  of  the  tests,  and  the  chain  was  marred  only 
very  slightly.  Twelve  runs  were  made  with  the  "Allianca"  and  ten 
with  the  "Cristobal",  and  the  vessel  was  brought  to  a  stop  in  every 
case  before  the  chain  had  paid  out  to  its  extreme  limit. 

The  tests  with  the  "Allianca"  were  not  entirely  satisfactory,  as 
the  resistance  valves  had  not  been  cleaned  for  a  long  time,  and  there 
was  a  slight  sticking  of  the  valves  which  prevented  them  from  closing 
promptly  when  the  pressure  was  reduced.  All  the  valves  were,  there- 
fore, thoroughly  cleaned,  a  new  leather  placed  in  one  valve,  and  the 
other  leathers  softened  up. 

The  tests  with  the  "Cristobal"  were  made  after  these  changes  were 
made  and  proved  entirely  satisfactory.  The  indicator  cards  taken 
with  this  vessel  are  shown  in  Figs.  20,  21,  22  and  23,  which  also  give  other 
information  in  connection  with  these  tests. 

The  pressure  curves  have  a  decided  peak  at  the  beginning,  which 
is  in  every  case  decidedly  above  the  setting  of  the  resistance  valve. 
Beyond  this  point,  and  throughout  the  greater  part  of  the  stroke  the 
pressure  remains  remarkably  uniform,  with  very  few  oscillations.  The 
vessel  was  brought  to  rest  from  51.5  to  62.0  ft.  beyond  the  center  of  the 
fender,  its  speed  when  striking  the  chain  being  from  2.06 
to  2.45  miles  per  hour. 

There  was  little  difference  between  the  pressures  in  the  machines 
on  the  two  lockwalls  or  in  the  length  of  chain  paid  out  from  each  side. 
The  travel  of  the  cylinders  was  hardly  over  6  ft.  out  of  a  total  possible 
stroke  of  21.5  ft. 
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The  distance  travelled  by  the  ship  before  being  stopped  was  less 
than  the  shortest  distance  from  any  of  the  fenders  to  the  gate  it  is  intend- 
ed to  safeguard,  so  that  there  seems  to  be  every  assurance  that  the 
fenders,  if  ever  called  upon,  would  fulfill  their  purpose,  even  in  the  case 
of  a  ship  as  large  as  the  "Cristobal"  and  moving  at  a  speed  of  over  2 
miles  per  hour.  As  this  vessel  is  about  500  ft.  long,  and  58  ft.  wide, 
few  larger  ships  are  likely  to  use  the  Canal,  nor  is  the  speed  of  two  miles 
likely  to  be  exceeded  in  the  approaches  or  the  locks. 

It  is  a  matter  of  considerable  interest  to  note  that  the  distance 
in  which  the  "Cristobal"  was  stopped  agrees  very  closely  with  the 
theoretical  curves  which  were  computed  before  the  designs  were  complet- 
ed, but  after  the  working  stress  of  220,000  lbs.  had  been  adopted  for 
the  chain  in  stopping  vessels.  These  curves  are  shown  on  PL  2,  which 
is  copied  from  the  Annual  Report  of  the  Isthmian  Canal  Commission 
for*  1911.  This  close  agreement  with  theory  is,  of  course,  very  satis- 
factory. 

Accounts  of  the  various  tests,  though  in  less  detail,  are  given  in 
the  Annual  Reports  for  1913,  1914  and  1916. 

DISCUSSION 

Mr.  French  Mr.  R.  DeL.  French,  Assoc.  Mem.,  Can.  Soc.  C.E. — The  most  inter- 

esting part  of  this  paper,  to  the  writer,  is  the  account  of  the  tests  on  the 
resistance  valves  carried  out  by  Mr.  Goldmark  at  Newark. 

As  he  remarks,  the  use  of  a  Venturi  meter  for  measuring  such  rapidly 
fluctuating  flow  is  somewhat  novel.  The  Builders  Iron  Foundry,  in  their 
bulletins  on  the  use  of  the  Venturi,  state  that  the  meter  should  be  preceded 
by  a  straight  pipe  at  least  six  times  as  long  as  the  diameter  of  the  meter 
tube.  This  condition  does  not  seem  to  have  been  complied  with  in  Mr. 
Goldmark's  experiments.  However,  the  makers  are  prepared  to  issue 
special  instructions  for  cases  where  this  requirement  cannot  be  met,  and 
it  may  be  that  it  was  taken  into  account  in  the  "accurate  calibration" 
referred  to. 

From  the  description  of  the  "resistance  valves,"  they  seem  to  be 
practically  identical  with  the  reducing  valves  used  in  many  water  works 
systems.  Little  data  is  available  regarding  the  loss  of  head  through 
these  valves  under  different  conditions  of  flow,  and  it  would  be  of  great 
interest  to  water  works  engineers  in  general  if  Mr.  Goldmark  were  able  to 
furnish  some  information  on  this  point.  The  apparatus  shown  in  Fig.  3 
is  well  fitted  for  loss-of-head  experiments,  requiring  only  the  addition  of  two 
pressure  gauges,  one  on  each  side,  close  to  the  valve  under  test.  Possibly 
Mr.  Goldmark  made  some  observations  of  this  sort,  and  has  purposely 
omitted  them  from  his  paper  as  not  relevent  to  the  subject. 

Mr.  Goldmark  is  to  be  congratulated  on  the  close  agreement  between 
the  expected  and  the  actual  results,  as  shown  by  the  tests  with  the 
"Allianca"  and  "Cristobal,"  particularly  as  there  was  no  precedent  to 
help  in  the  solution  of  the  problem. 
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PLATE  3. 
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Typical  Pit  tor  Fender*  at  Approaches 
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Section  Thru  cylinder  . 


PLATE  I 


f 


Note    -  "The     calcu  lotions     are     based    on 
the     following    ■assumptions.  - 

The     chain    is    stretched     across     the 
lock     and  ,  when    struck    by  a    vessel  t  pays 
out    under    a     constant     tension    of    lOO 
gross    tons    I+s    resistance     is    the   only 
force    tending     to     chang. 


bscissas     of     the    points    20,  25' 
the     total     energy     absorbed      by 


nn  ,  paying     out 


wal  I ,  after    the 


I  ly    from    each 
has    traveled     20)  25 


the 


i\      after     it 


the     speed    of 
strikes     the    chain 


I  he     curves     gi\ 
from     I    to   6    knots 


The    ordmotes    to    the    curves     for    the 
points,    20',  25'  etc    give    the    speeds    from 
which     the    vessels     w,||     be    stopped    after 
traveling     20',  25'  etc 

Thus  o  vessel  of  5.OQ0  tons  will  be 
stopped  in  TO"  if  its  initial  speed  was 
5.5    knots. 


Travel     of    Vessel     along     Axis     of     Canal,   after    striking     Chain 
50"  55'  SO'  65'  -7o'  "is- 

fc 


I2DOO 


PLATE  II 


Kinetic     Elnetrgy     of    Vessel 
foot   Tons  (dross) 


NICKEL-COPPER  STEEL 
By  R.  W.  LEONARD,  M.E.I.C. 

(Read  at  a  Meeting  of  the  Institute  on  March  28th,  1918) 
Revised  to  date — August  31st,  1919. 

In  the  early  eighties,  during  the  construction  of  the  Canadian  Pacific 
Railway  through  what  is  now  known  as  the  Sudbury  District,  some  copper 
ores  were  discovered,  and  subsequently  a  Company  was  formed  to  develop 
the  ore  bodies.  This  Company — The  Canadian  Copper  Company — sent 
its  ore  or  matte  to  the  Orford  Copper  Company's  refinery  at  Constable 
Hook,  N.Y.,  for  treatment,  which  plant  was  established  for  the  purpose 
of  treating  the  copper  ores  mined  at  Orford  Mountain,  P.Q. 

When  it  was  realized  that  these  copper  ores  contained  substantial 
quantities  of  nickel — for  which  metal  there  was  very  little  demand  at  that 
time  except  for  the  purpose  of  making  German  Silver  and  for  nickel- 
plating — the  Canadian  Copper  Company  and  the  Orford  Copper  Company 
were  merged  into  the  International  Nickel  Company.  This  Company 
developed  very  large  properties  at  Sudbury  and  greatly  stimulated  the 
demand  for  nickel,  especially  for  the  purpose  of  alloying  with  steel  to  be 
used  for  the  many  purposes  so  well  known  to  all  engineers  of  the  present 
day. 

During  the  past  three  years  the  International  Nickel  Company  has 
constructed  a  refinery  at  Port  Colborne,  Ont.,  for  the  purpose  of  com- 
pleting the  process  of  separation  of  the  nickel  from  the  copper  and  of  refining 
these  products  in  Canada  for  the  Canadian  and  foreign  trade. 

The  Mond  Nickel  Company,  of  England,  also  acquired  properties  in 
the  Sudbury  District,  and  ships  its  partially  manufactured  product  to 
England  in  the  form  of  matte. 

Latterly,  the  British-America  Nickel  Corporation  has  acquired  large 
mineral  claims  which  it  is  developing,  and  is  erecting  in  the  Sudbury 
District  metallurgical  works  to  treat  its  ores,  and  at  Deschesnes,  P.Q., 
an  extensive  refining  plant. 

Although  the  different  Companies  are  pursuing  somewhat  different 
processes,  in  general  the  operation  consists  in  mining  and  sorting  the  ore, 
then  roasting  it  (generally  in  open  heaps  or  in  stalls)  to  largely  eliminate 
the  sulphur,  and  thereafter  smelting  in  the  ordinary  type  of  copper-smelting 
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furnaces  to  a  matte,  consisting  of  sulphide  of  iron,  nickel  and  copper,  which 
matte  is  further  bessemerized  for  the  purpose  of  eliminating  as  much  of 
the  iron  as  possible  and  producing  a  matte  much  richer  in  nickel  and  copper 
content,  and  containing  therein  some  small  proportion  of  the  precious 
metals. 

Until  the  Port  Colborne  plant  started  operations  a  few  months  ago 
these  mattes  were  exported  either  to  England  or  to  the  United  States 
for  refining  or  separation  of  the  nickel  from  the  copper,  and  in  one  or  two 
cases  for  the  recovery  of  the  accompanying  precious  metals. 

The  above-outlined  process  results  in  the  waste  of  all  the  sulphur 
content  of  the  ore,  amounting  to  many  hundreds  of  tons  of  elemental 
sulphur  per  day,  to  the  serious  damage  of  all  plant  life  in  the  immediate 
neighborhood.  It  also  results  in  the  waste  of  some  thousands  of  tons  per 
day  of  iron  in  the  slags,  which  until  recently  was  considered  a  necessary 
waste  preparatory  to  separating  the  nickel  from  the  copper. 

The  Sudbury  nickel  deposits,  as  developed  by  the  mining  companies 
and  as  worked  out  by  geologists,  consist  of  an  oval  saucershaped  basin 
about  36  miles  in  length  by  18  miles  in  width,  around  the  South  rim  of 
which  are  located  most  of  the  properties  of  the  Canadian  Copper  Company 
and  the  Mond  Nickel  Company,  and  around  the  northerly  and  easterly 
rim  of  which  are  principally  located  the  properties  of  the  British-America 
Nickel  Corporation.  The  Towns  of  Sudbury  and  Copper  Cliff  are  on 
the  south  rim.  The  Canadian  Northern  Ontario  Railway  passes  in  a 
Northerly  direction  through  the  Eastern  portion  of  the  basin,  and  the 
Canadian  Pacific  Railway  passes  almost  through  the  centre  in  a  north- 
westerly direction. 

An  excellent  geological  map  of  the  deposits  accompanies  the 
Monograph  on  the  Sudbury  Nickel  Region,  by  Dr.  A.  P.  Coleman,  1913. 
This  basin  is  generally  conceded  to  be  one  of  the  greatest  mineral  deposits 
of  the  world,  containing  nickel-copper  pyrrhotite  of  unequalled  quantity 
and  richness,  which  can  be  mined  and  the  nickel  and  copper  extracted  and 
refined  at  a  cost  defying  competition. 

It  is  now  the  principal  source  of  the  world's  nickel,  and  is  also  the 
source  of  a  considerable  amount  of  platinum  and  palladium,  which  are 
recovered  as  by-products. 

The  magnificent  Report  of  the  Royal  Ontario  Nickel  Commission* 
1917,  which  bears  on  the  nickel  production  of  the  world,  is  probably 
one  of  the  most  complete  and  valuable  reports  on  any  mineral  industry 
extant. 

A  number  of  men  have  experimented  with  alloys  of  nickel,  iron  and 
copper,  commencing  with  Alexander  Parks  in  England  in  1844,  who 
patented  a  "useful  alloy  of  nickel,  iron  and  copper."  Hybinette  and 
Shuler,  of  Sudbury,  made  experiments  about  1902  in  the  manufacture 
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of  nickel  pig  from  Sudbury  ores,  and  E.  A.  Sjostedt  carried  out  some 
experiments  in  the  direct  manufacture  of  nickel  pig  and  nickel  steel  at 
Sault  Ste.  Marie,  Ont.,  for  the  Lake  Superior  Corporation  about  the 
same  time.  In  1905,  Dr.  E.  Haancl,  Director  of  the  Mines  Branch, 
Geological  Survey,  Ottawa,  made,  experimentally,  some  nickel-copper-iron 
pig  from  roasted  pyrrhotite  in  an  electric  furnace  at  Sault  Ste.  Marie, 
under  Canadian  Government  auspices.  W.  S.  Horrey  experimented  in 
the  smelting  of  nickel-copper-iron  ores  at  Sault  Ste.  Marie  in  1898. 
"Metallurgical  and  Chemical  Engineering"  of  February,  1913,  gives  a 
description  of  the  manufacture  of  nickel  steel  from  nickel  pig  in  an  electric 
furnace  at  Trondjen,  Norway. 

In  all  these  experiments  an  endeavor  was  made  to  select  ores  in 
which  the  copper  bore  the  smallest  possible  proportion  to  the  nickel 
content,  it  being  believed  or  feared  that  the  copper  was  an  injurious  con- 
stituent, except  in  the  case  of  Shuler,  who  claimed  that  the  presence  of  the 
copper  in  certain  proportions  was  not  objectionable. 

Mr.  G.  H.  Clamer,  of  Philadelphia,  has  used  Monel  Metal  (a  natural 
alloy  of  nickel  and  copper  as  obtained  from  the  Sudbury  ores  after  elimina- 
tion of  the  iron  and  sulphur)  in  the  manufacture  of  a  nickel-copper  steel 
which  is  in  commercial  use  and  is  said  to  have  been  successfully  employed 
even  in  the  manufacture  of  armour  piercing  shells  for  the  United  States 
Government,  and  the  results  are  reported  to  have  been  very  satisfactory. 
This  nickel-copper  steel  is  also  being  manufactured  into  commercial  sheets. 

Mr.  George  M.  Colvocoresses,  at  one  time  in  the  employ  of  the  Orford 
Copper  Company  and  who  has  had  a  valuable  experience  in  the  mining 
and  metallurgy  of  nickel  and  copper  in  Canada  and  New  Caledonia, 
made  laboratory  experiments  in  the  production  of  nickel-copper  steel 
direct  from  the  Sudbury  ores,  and  has  taken  out  patents  on  his  process. 
In  these  patents  he  claims  the  direct  smelting  of  Sudbury  nickel-copper 
ores  or  the  slags  wasted  in  the  present  process,  either  by  electricity  or 
with  fuel,  into  a  nickel-copper  pig,  and  ultimately  refining  resultant  pig 
to  Nicu  steel,  claiming  that  in  this  direct  smelting  process  the  copper,  up 
to  a  certain  proportion,  may  be  considered  as  taking  the  place  of  an  equal 
amount  of  nickel,  and  that  not  only  is  the  presence  of  copper  not  detri- 
mental, but  that,  on  the  contrary,  it  may  be  advantageous  in  that  it  pro- 
duces,—owing  to  certain  qualities  of  the  copper,— a  superior  product  which 
can  be  manufactured  at  much  less  cost  than  nickel  steel  made  by  the 
ordinary  practice  of  alloying  refined  nickel  with  steel  in  certain  definite 
proportions. 

During  the  past  year  Mr.  Colvocoresses,  with  some  associates,  has 
experimented  in  the  manufacture  of  nickel-copper  steel  direct  from  the 
Sudbury  ores,  for  which  purpose  about  200  tons  of  ore  and  40  tons  of 
slag  were  obtained  from  the  Sudbury  District  and  experiments  were 
carried  on  at  the  plant  of  the  Canada  Cement  Company,  at  East  Montreal. 
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This  ore  was  roasted  in  a  hand-rabbled  furnace  and  smelted  to  pig 
in  an  electric  furnace  of  the  Heroult  type,  and  some  of  it  was  afterwards 
refined  into  steel  in  the  same  type  of  furnace,  and  the  balance  in  an  open- 
hearth  furnace  using  producer  gas. 

The  experiments  at  Montreal  were  under  the  direct  supervision 
of  Mr.  H.  A.  Morin,  who  had  previously  been  associated  with 
Mr.  Colvocoresses  in  the  smelting  of  Sudbury  ores,  and  I  think  I  cannot 
do  better  than  quote  substantially  and  at  some  length  from  Mr.  Morin 's 
report  on  the  result  of  these  experiments. 

In  his  report,  dated  December  7th,  1917,  Mr.  Morin  explains  that 
the  experiments  consisted  in  desulphurizing  iron-nickel-copper  sulphide 
ores  mined  in  the  Sudbury-Ontario  District  for  the  purpose  of  smelting 
and  reducing  these  ores,  with  suitable  fluxes,  and  producing  an  iron-nickel- 
copper  pig  of  homogenous  composition  which,  preferably  in  its  molten 
state,  could.be  refined  to  a  nickel-copper  steel,  with  or  without  foreign 
ferrous  addition,  according  to  the  grade  of  Nicu  Steel  desired. 

Another  experiment  was  made  in  the  smelting  of  blast  furnace  slag, 
which  slags  are  produced  in  large  quantities  in  the  smelting  of  the  Sudbury 
ores  (partially  roasted)  in  a  blast  matting  furnace.  While  these  slags  will 
produce  a  pig  low  in  nickel  and  copper,  it  is  a  simple  matter  to  increase  the 
nickel-copper  content  by  the  proper  addition  of  roasted  nickel-copper  ore. 

The  following  is  an  average  analysis  of  such  ores  and  slags: 


Nickel-Copper  Ore 

Iron 40-50% 

Nickel 3-4  % 

Copper 1-1}*% 

Sulphur 25-30% 

Silica 12-20% 

Alumina 3-4  % 

Lime 2-3  % 

Magnesia 1-2  % 


Blast  Furnace  Slag 
40-45     % 
35-5     % 
25-35     % 

1M-2K% 

20-30     % 

6-7     % 

2-3     % 

1-2     % 


Balance  Oxygen. 

These  experiments  were  carried  on  in  accordance  with  the  description 
given  in  the  Patent  papers  issued  and  granted,  both  in  Canada  and  the 
United  States,  to  Mr.  G.  M.  Colvocoresses. 


ORE  SUPPLY 


According  to  the  Royal  Ontario  Nickel  Commission  Report,  published 
in  April  1917,  a  total  of  75,000,000  tons  of  ore  had  been  developed  by  the 
Operating  Companies  up  to  that  time,  and  the  Report  further  states  that 
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out  of  110  miles  of  nickel-bearing  formation,  only  about  ten  miles  have 
been  developed,  partially,  by  diamond  drill,  and  that  consequently  it  is 
fair  to  assume  that  this  ten  mils  of  partly  developed  formation  is  capable 
of  further  extending  the  ore  bodies  within  this  area. 

The  ore  secured  for  these  experiments,  amounting  to  about  200  tons, 
was  obtained  from  the  Algoma  Steel  Corporation  and  was  of  rather  low 
grade.  It  theoretically  should  have  produced  a  3  to  3^%  nickel-copper 
steel,  but  in  actual  operation  the  nickel-copper  pig  was  considerably  diluted, 
by  reason  of  the  fact  that  the  electric  furnaces  used  had  built-up  banks 
and  bottoms  of  iron  which  had  formed  during  the  previous  operation  of 
the  furnaces  in  the  production  of  pig  from  scrap. 

The  ore  obtained  for  treatment  was  mined  from  one  of  the  properties 
of  the  Algoma  Steel  Corporation  about  14  years  ago  and,  having  been 
exposed  to  the  air  and  weather  during  all  that  time,  was  decomposed  and 
the  nickel-copper-sulphur  content  was  considerably  leached  out.  The 
following  is  a  close  approximation  of  the  composition  of  the  ore  when  it 
was  first  mined  and  as  it  is  to-day: 

Freshly  Mined  Ore         Ore  Received 

Iron 45%  46% 

Nickel 2.9%  1.35% 

Copper 75%  25% 

Silica 17%  19% 

Sulphur 30%  8% 

SMELTING  COPPER  CLIFF  SLAG  TO  PIG 

The  slag  was  smelted  in  the  same  manner  as  the  roasted  ore,  having 
a  very  similar  composition  and  therefore  requiring  but  a  slight  variation 
in  the  proportion  of  the  fluxes.  It  is  particularly  interesting  to  note 
that  the  slags  used  in  this  experiment  contained  2.2%  sulphur,  and 
after  smelting  this  slag  in  an  electric  furnace  the  resultant  pig  contained 
.065%     sulphur. 

Mr.  Morin  reports  that  the  conversion  of  the  pig  to  steel  in  the  open- 
hearth  furnace  proved  entirely  satisfactory,  the  operation  being  identical 
with  the  production  of  steel  from  ordinary  pig  iron.  About  70  tons  of 
23^%  Nicu  steel  were  made. 

Since  the  experiments  at  Montreal  the  Nicu  Steel  Corporation  has 
produced  an  additional  60  to  70  tons  of  Nicu  pig  and  steel  containing 
approximately  33^%  combined  nickel  and  copper,  at  the  plant 
of  Electric  Steel  &  Engineering  Ltd.,  Welland,  Ont.,  considerable  of  which 
has  been  brought  into  actual  use  in  various  industries,  the  desired  changes 
in  the  composition  of  the  steel  having  been  made  for  the  various  purposes 
for  which  it  was  required. 

The  ore  was  smelted  in  electric  furnaces,  after  a  preliminary  roasting, 
and  the  physical  properties  in  every  case  have  proven  very  satisfactory 
when  compared  with  the  properties  of  nickel  steel,  as  shewn  by  the  fol- 
lowing report  furnished  by  Mr.  Morin : — 
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Engineering  Standard  Committee 
E.S.C.  3%  Nickel-Chrome  Steel. 

Carbon 0.30% 

Silicon 0.30% 

Manganese 0.60% 

Sulphur 0.04% 

Phosphorus 0.04% 

Nickel 2.75  to  3.50% 

Chromium 0.45  to  0.75% 


NICU  STEEL 
Independent  test  by  Dept.  of  Mines, 
Ottawa. 

0.28% 
0.014% 

0.58% 
0.038% 
0.005% 
2.16  to  2.62% 
Copper 0.46% 


Physical  properties  of  above  steel  when 

oil  hardened  from  820 °C  and 

tempered  at  600 °C. 

Tensile  strength. .  100,800  lbs. 

Yield  ratio 75,600     " 

Elongation 15% 

Reduction 50% 


Physical   properties   of   above   steel   when 

heated  to  800°C,  quenched  in  water  and 

drawn  back  at  400  °C. 

Tensile  strength. .  101,200  lbs. 

Yield  ratio 78,900     " 

Elongation 21.5% 

Reduction 58.8% 


Chemical  and  Physical  properties  of  Nicu  Steel  as  compared  with 
Nic  kel  Steel 


American  Society  for  Testing  Material, 
O.H.  Nickel  Steel  Specification. 


Carbon 0.46% 

Silicon 0.066 

Manganese 0.70% 

Phosphorus 0.021% 

Sulphur 0.034 

Nickel 3.36 


Nicu  Steel,  Independent  test  by  Roy: 

Ontario  Nickel  Coram.,  Page  415  of 

Report. 


0.43% 

0.30 

0.47% 

0.05 

0.05 

Nickel 2.10 

Copper 1 .  20 


—3.30% 


Physical  properties  of  above  steel,  rolled 
natural. 

Tensile  strength.  .  122,000 

Elastic  Limit 74,625 

Elongation 16% 

Reduction 34% 


Physical  properties  of  above  steel,  rolled 
natural. 

Tensile  strength.. .  110,400 

Elastic  limit 82,600 

Elongation.  \ 22% 

Reduction 48% 


"  Nicu  Steel  users  comprise  the  automobile  trade,  makers  of  different 
kinds  of  mining  machinery  in  different  forms,  such  as  pistons  for  pneumatic 
tools,  rock  drills,  etc.  A  considerable  tonnage  will,  no  doubt,  enter  the 
market  as  castings,  crusher  parts,  ball  mill  liners,  balls,  and  many  other 
uses  of  high-grade  steel,  where  strength,  toughness  and  durability  are 
required,  and  in  general  competition  with  nickel  steel  and  other  simila 
alloys." 
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Analysis  and  Tests  of  'Nidi'  Steel  Specimens: 

'Nicu'  Steel  A        'Nicu'  Steel  B 

Carbon 0.32%  0.36% 

Silicon 0.028%  0.029% 

Sulphur 0 .  045%  0 .  035% 

Phosphorus 0.079%  0.003% 

Manganese 0.83%  0.73% 

Nickel 1-79%  1-73% 

Copper 0.27%  0.31% 

Soft  test  of  above  steel  after  forging: 

Elastic  Limit,  sq.  in 66,800  lb.  68,320  lb. 

Tensile  Strength,  sq.  in 90,720  lb.  91,840  lb. 

Elongation  on  2  inches 29%  29% 

Reduction  of  Area 0. 190  0. 190 

Description  of  Fracture Cupped  Silky  *  Cupped  Silky 

Hard  test  after  the  following  heat  treatment : 

Heated  to  1800  deg.  F.  Quenched  in  Oil.  Re-heated  to  700  deg.  F., 
and  cooled  slowly: 

Elastic  Limit,  sq.  in 92,960  lb.  89,600  lb. 

Tensile  Strength 113,120  lb.  110,880  lb. 

Elongation  on  2  in 22%  22% 

Reduction  of  Area 0. 150  0. 155 

Description  of  Fracture lA  Cupped  Silky      V2  Cupped  Silky 

Cold  Bending  Test Showing  no  crack  Showing  no  crack 

The  above  Cold  Bending  Tests  were  made  on  Specimen  4.5  in. 
0.75  in.  x  0.375  in.  Bent  cold,  through  180  deg.  with  a  Presser  of  1.5  in. 
diameter. 

Physical  Tests  and  Analyses  of  Nicu  Steel  Heat  No.  6,  made  by 
Dr.  Alfred  Stansfield,  M.E.I.C.,  McGill  University;  and  comparison  with 
Nickel  Steel  as  per  Specification  for  Plates  and  Shapes,  Ontario  Nickel 
Commission  Report,  Page  365. 

Natural  Natural 

Nicu  Steel  Nickel  Steel 

Carbon 0.37%  0.45% 

Manganese 0.88%  0.70% 

Phosphorus 0.064%  0.04% 

Sulphur 0.047%  0.04% 

Nickel 1  •  89%U.26%  NickGl  3'25% 

Copper 0.37%] 

Tensile  Stress  lbs.  per  sq.  in 96,300  85,000  to  100,000 

Yield  Point  lbs.  per  sq.  in 56,350  50,000 

Elongation  on  9  in.  % 18.7%  16.2% 

Reduction  of  Area% 36 . 3%  25 . 0% 
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Nickel  Steel  Specification  in  connection  with  the  fabrication  of 
the  large  bridge  to  span  the  Mississippi  River  at  Memphis: 

Tensile  Strength 85,000  to  100,000 

Elastic  limit  not  less  than 50,000 

Elongation  in  8  in.  not  less  than 1,600,000 

T.S.  Average  17% 

Reduction  of  Area  not  less  than 30% 

D 

Nicu  Steel  produced  commercially  at  the  Canada  Cement  Company's 
Steel  plant,  East  Montreal,  and  tested  by  Dr.  Alfred  Stansfield,M.E.I.C, 
— in  comparison  with  Nickel  Steel  of  similar  composition,  as  given  in  tabu- 
lated form  on  Page  387  Marked  (C)  and  Page  416  marked  (1)  Royal 
Ontario  Nickel  Commission  Report. 

Nicu  Steel         Nickel  Steel  Nickel  Steel 

Heat  No.  6        (C)  Page  387         (1)  Page  416 

%  %  % 

Carbon 0.37  0.47  0.47 

Manganese 0.88  0.86  

Nickel " 1.89\  2.15  2.92 

Copper 0.37j^b  ....  

lbs.  lbs.  lbs. 

Yield  Point 52,800  52,000  56,000 

Tensile  Stress 96,500  93,000  95,400 

Elongation  on  2  in 24 . 3%  24 . 5%  22% 

Reduction  of  area 50.8%  51.8%  44.6% 

Bending  Tests  180° Shewing  no  Shewing  no  

crack  crack  .... 

E 

Results  of  the  Royal  Ontario  Nickel  Commission,  Page  415,  Table  3, 

obtained  with  Nicu  Steel  and  Nickel  Steel  produced  under  exactly  the 
same  conditions  during  their  investigation  of  the  Colvocoresses  process. 

Nicu  Steel  Nickel  Steel         Nicu  Steel 

Heat  No.  2         Heat  No.  4         Heat  No.  6 
Carbon 0.43%  0.53%  0.53% 

Nickel 2  10%l3  30^  3-43%  2-45%}325<7 

Copper. 1.20%/d-dU/o  0.80%Jd>^/o 

lbs.  lbs.                      lbs. 

Elastic  Limit 82,600  77,400                  80,000 

Tensile  Strength 110,400  115,400  111,600 

Elongation  %  on  2  in ... .         22%  20%  19 . 1% 

Reduction  of  area  % 48%  38.3%  38.3% 

These  steels  were  produced  under  the  direct  supervision  of  Geo.  A. 
Guess,  Professor  of  Metallurgy,  University  of  Toronto,  in  conjunction  with 
the  Royal  Ontario  Nickel  Commission. 
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Extracts  from  Prof.  Guess's  report: 

"It  is  evident  from  the  results  shown  in  Table  3  that  these  laboratory 
"made  steels  are  of  good  quality." 

"The  value  of  this  process  of  producing  Nickel  Copper  steel  is  based 
"on  the  belief  that  Copper  may  replace  a  very  considerable  amount 
"of  the  Nickel  in  a  3.5%  Nickel  steel  without  producing  an  inferior  article, 
"which  belief  is,  I  think,  well  founded." 

F 

Royal  Ontario  Nickel  Commission  Report,  Page  421,  Comparison 
of  Xicu  Steel  with  Nickel  Steel. 

Nicu  Steel  Nickel  Steel 

Carbon 0.44%  0.46% 

Silicon 0.034%  0.066% 

Manganese 0.50%  0.70% 

Phosphorus 0.013%  0.021% 

Sulphur 0.013%  0.034% 

Nickel 3.62%T     __  3.36%\ 

Copper 0AS%j4A0%  0.10%K46% 

The  Physical  Tests  of  the  rolled  natural  steels  showed : 

Elastic  Limit 72,400  74,626 

Ultimate  strength 115,000  122,000 

Elongation  in  2  in 22%  16% 

Reduction  of  Area 51%  34% 

In  the  annealed  condition  the  results  were: 

Elastic  Limit 63,750  64,750 

Ultimate  strength 107,300  119,000 

Elongation  in  2  in 25%  17% 

Reduction  of  Area 48%  37.5% 

Mr.  Colvocoresses,  from  his  experiments,  has  arrived  at  the  conclusion 
that  the  best  results  are  obtained  when  the  ratio  of  copper  to  nickel  is 
as  1  to  3  or  1  to  4  and  that  the  total  copper  content  should  not  exceed 
1%  if  the  copper  is  to  be  considered  as  replacing  an  equal  percentage  of 
nickel  and  the  steel  produced  is  to  be  put  to  the  ordinary  uses  for  which 
nickel  steel  is  employed.  The  greater  part  of  the  nickel  steel  produced 
to-day  contains  about  3%  of  nickel,  and  it  has  been  found  that  nickel- 
copper  steel  containing  2%  of  nickel  and  .75%  of  copper  is  similar  and 
equal  to  a  straight  3%  nickel  steel. 

Nickel-copper  steel  possesses  qualities,  however,  which  give  it  the 
advantage  over  straight  nickel  steel,  namely,  a  greater  uniformity  in 
composition  and  a  decreased  liability  to  corrosion  owing  to  the  presence 
of  the  copper.     This  latter  quality,   when  fully  demonstrated,  should 
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give  Nicu  steel  the  preference  over  ordinary  nickel  steel  for  ship  plates  and 
machinery  parts  where  such  are  subject  to  the  action  of  acids,  salt  water 
and  other  corrosive  agencies.  Experiments  made  by  Clamer  to  discover 
the  effects  of  these  destructive  agencies  on  nickel-copper  steel  were  highly 
favorable,  and  it  has  been  known  for  a  long  time  that  a  small  addition  of 
copper  to  ordinary  steel  is  used  by  steel  manufacturers  in  making  special 
kinds  of  non-corrosive  steels  for  use  in  locations  where  there  is  danger  from 
corrosion. 

The  following  extract  is  quoted  from  an  article  on  "Corrosion-Proof 
Steel/'  by  F.  Rowlinson,  which  appeared  in  the  "Scientific  American, " 
of  August  16th,  1919:— 

NICKEL-COPPER  STEELS 

Since  it  was  found  that  both  nickel  and  copper  gave  immunity  from 
corrosion  when  added  to  steel,  it  was  expected  that  a  steel  containing 
both  would  also  be  comparatively  free  from  corrosion.  This  was  found  to 
be  the  case.  But  an  additional  feature  was  found  to  be  present  in  the  more 
complex  steel  so  made.  Providing  the  proportion  of  nickel  to  copper  was 
never  less  than  five  to  two,  the  copper  does  not  segregate  as  it  tends  to  do 
in  carbon  steel.  In  this  way  the  copper  content,  and,  therefore,  the 
powers  of  resistance  to  corrosion  may  be  very  considerably  increased. 
Moreover,  as  regards  mechanical  tests,  the  copper  seems  to  replace  perfectly 
an  equal  percentage  of  nickel,  so  that  a  nickel-copper  steel  with,  say  2]4 
per  cent  nickel  and  1  per  cent  copper  has  the  mechanical  properties  of  a 
Zl/2  per  cent  nickel  steel,  with  increased  immunity  from  corrosion. 

Of  course,  it  is  too  soon  to  say  yet  how  Nicu  steel  will  stand  up  under 
the  variety  of  uses  to  which  nickel  steel  is  put,  such  as  in  the  manufacture 
of  armour  plate,  steel  rails,  etc.,  but  the  tests  and  experiments  which  have 
already  been  carried  out  give  every  promise  of  a  highly  satisfactory  product 
for  these  purposes,  and  it  is  confidently  expected  that  when  the  many 
advantages  of  nickel-copper  steel  are  fully  realized,  and  the  existing  pre- 
judice against  the  presence  of  a  small  percentage  of  copper  in  steel  has  been 
removed,  a  large  demand  will  develop  for  this  product. 

The  question  of  costs  is  an  important  one,  and  as  Nicu  steel  has  not,  as 
yet  been  manufactured  on  a  commercial  scale,  estimates  of  cost  must  be 
approximate;  but  Mr.  Colvocoresses  estimates — and  his  figures  would 
appear  to  make  due  allowance  for  the  several  operations  from  the  mining 
of  the  ore  to  the  production  of  the  finished  steel — that  Nicu  Steel  can  be 
produced  from  ore  at  a  cost  of  about  $20.00  per  ton  over  the  cost  of  ordinary 
carbon  steel. 

Some  fears  have  been  expressed  that  segregation  of  the  nickel  or  copper 
might  take  place,  thus  destroying  the  uniformity  of  the  product;  but  the 
accompanying  sketch  shewing  one  half  of  an  18"  octagonal  ingot,  which  was 
supplied  for  the  purpose  of  testing  and  thereafter  drilled  and  analysed, 
indicates  clearly  that  these  fears  are  groundless. 
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r*  The  following  partial  report  of  T.  W.  Hardy  and  John  Blizard,  with 
diagrams  and  photomicrographs,  is  the  result  of  an  investigation  by  the 
Mines  Branch  of  the  Dep't  of  Mines,  Ottawa,  at  the  request  of  the  Im- 
perial Munitions  Resources  Commission,  of  the  properties  of  certain  sam- 
ples of  Nicu  Steel  made  by  the  Nicu  Steel  Corporation : 

"The  advantages  obtained  by  the  addition  of  nickel  to  steel  have 
been  well  known  for  many  years  and  nickel  steel  is  one  of  the  most  common 
of  the  alloy  steels  in  use  to-day.  Nickel  dissolves  in  iron  in  all  proportions, 
but  the  steels  of  the  greatest  commercial  importance  contain  less  than 
5%  nickel  and  not  more  than  1%  carbon.  Steels  coming  within  these 
limits  are,  like  plain  carbon  steel,  pearlitic  on  slow  cooling.  Notwithstand- 
ing this  structural  similarity,  however,  the  physical  properties  of  pearlitic 
nickel  steels  are  considerably  superior  to  those  of  the  corresponding  carbon 
steels.  The  addition  of  nickel  to  plain  carbon  steel  in  the  production  of 
pearlitic  nickel  steel  results  in  a  considerable  increase  in  strength,  parti- 
cularly in  elastic  limit,  while  the  ductility  is  decreased  but  little,  if  at  all. 
To  develop  fully  the  high  physical  properties  which  they  are  capable  of 
possessing,  nickel  steels  must  be  heat-treated,  and  in  this  condition  their 
superiority  over  similarly  treated  carbon  steels  is  more  apparent  than  when 
neither  the  nickel  nor  the  carbon  steels  are  heat-treated.  Heat-treated 
nickel  steel  is  not  only  stronger,  but  is  tougher  and  has  greater  resistance  to 
wear  and  shocks  than  a  similarly  treated  carbon  steel." 

"In  the  majority  of  the  nickel  steels  manufactured  to-day,  the  nickel 
content  does  not  exceed  33^>%  and  the  carbon  content  is  generally  less 
than  0.50%.  Steels  of  this  class  find  a  wide  application  in  structures 
where  a  high  combination  of  strength  and  ductility  combined  with  a 
saving  in  weight  are  essential  factors.  Among  the  more  common  appli- 
cations of  these  nickel  steels  may  be  mentioned  rails  and  bridge  members, 
for  which  they  are  used  without  heat  treatment;,  other  perhaps  more 
common  applications  are  automobile  and  engine  parts,  machine  parts  and 
gun  forgings,  for  which  purposes  the  steel  is  practically  always  heat- 
treated." 

"  THE  INFLUENCE  OF  COPPER  ON  THE  PROPERTIES  OF 

STEEL  " 

"The  effect  of  copper  on  the  properties  of  steel  has  been  the  subject  of 
a  great  deal  of  discussion.  For  a  long  time  copper,  even  in  very  small 
amounts,  was  supposed  to  cause  red-shortness,  and  this  view  is  still  held 
by  some.  Of  later  years,  the  researches  of  several  able  investigators  have 
proved  that  copper,  within  certain  limits,  is  not  only  harmless,  but  really 
improves  the  properties  of  the  steel.  As  a  result  of  these  researches  it 
may  be  conservatively  stated  that  in  proportions  not  exceeding  0.75% 
copper  does  not  make  steel  red-short  provided  the  sulphur  content  is 
not  high.  There  seems  to  be  no  doubt  that  an  amount  of  sulphur,  say 
0.08%  to  0.1%,  that  would  not  cause  serious  trouble  in  steel  free  from 
copper,  would,  in  conjuction  with  a  few  tenths  of  one  per  cent  of  copper, 
produce  serious  red-shortness." 
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"The  results  of  these  investigations  also  show  that  the  presence  of 
"small  amounts  of  copper  makes  steel  more  resistant  to  corrosion.  They 
"also  show  that  the  general  effect  of  copper,  in  small  amounts,  on  the  tensile 
properties  of  the  steel,  is  to  increase  the  tensile  strength  and  yield  point, 
"and  to  decrease  the  elongation  and  reduction  of  area." 

It  seems  probable  that  the  red-shortness  and  segregation  that  some- 
times accompany  copper  when  present  in  steel  in  an  amount  exceeding  1  %, 
have  their  ultimate  explanation  in  the  fact  that  copper  is  but  slightly 
soluble  in  iron.  Since  nickel  unites  readily  with  both  copper  and  iron,  it  is 
reasonable  to  assume  that  the  presence  of  nickel  will  permit  larger 
amounts  of  copper  to  be  used  without  introducing  the  above  defects. 
This  effect  of  nickel  in  increasing  the  solubility  of  copper  in  steel,  together 
with  the  fact  that  copper  resembles  nickel  in  its  effect  on  the  cold  pro- 
perties of  the  steel,  lends  weight  to  the  probability  that  copper  may 
replace  a  considerable  proportion  of  the  nickel  in  a  nickel  steel  without 
materially  altering  its  hot  or  cold  properties." 

Acknowledgments  are  due  to  Mr.  H.  S.  Foote,  who  prepared  and 
photographed  the  microsections;  to  Messrs  H.  A.  Leverin  and  F.  W. 
Baridon,  who  determined  the  chemical  composition  of  the  steel;  and  to 
Mr.  E.  S.  Malloch,  who  assisted  in  the  tensile  tests. 
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NICU  STEEL  TESTS 
Heat  No.  4 
CHEMICAL  ANALYSES 


Analysis  by 

Bar 

Car- 
bon 

Phos- 
phorus 

Man- 
ganese 

Sulphur 

Silicon 

Nickel 

Copper 

Cobalt 

Nicu  Steel  Co... 

Mines    Branch . . 

do 

A 
B 

0.28% 

0.262 

0.267 

0.005% 
0.012% 
0.006% 

0.58  % 
0.522% 
0.532% 

0.038% 
0.061% 
0.036% 

0.014% 
0.009% 
0.006% 

2.16% 
1.98% 
1.96% 

0.41  % 
0.470% 
0.450% 

0.16% 

SERIES  A 

PIECES  from  BAR  A,  Quenched  in  Water  from  800 °C,  and  Drawn  to 
Various  Temperatures 

•  HEAT  TREATMENT  and  PHYSICAL  PROPERTIES 


Heat  Treatment                                          Physical  Properties 

Test 

; 

No. 

Heated 

Quenched 

Draw-         Yield  Point 

Ultimate 

Elonga- 

Reduc- 

to 

in 

ing 

Strength 

tion  (in 

tion  in 

Temp. 

2") 

Area 

1 

800  °C 

Water 

350°C   77,400  lbs.  ,/sq.  in. 

104,400  lbs./sq.in. 

23.5% 

64.0% 

2 

" 

400 °C   78,900 

101,200 

21.5% 

58.8% 

3 

" 

450°C  76,200 

99,400 

25.0% 

64.0% 

4 

" 

500°C  74,400 

95,800 

27.0% 

66.1% 

5 

" 

550 °C  72,100 

91,000 

29.0% 

66.2% 

6 

" 

600 °C  67,500 

86,400 

29.5% 

70.8% 

7 

Cooled  F 

reely  in 

Air. 

56,000 

79,000 

30.0% 

59.0% 

8 

" 

Cooled  S 

lowly  in 

Furnac 

e.             51,000 

72,000 

31.0% 

53.0% 

9 

As  Rolle 

d                              47,400 

76,700 

33.0% 

59.0% 
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SERIES  B 

PIECES  from  BAR  B,  Quenched  in  Oil  from  800°C,  and  Drawn  to 
Various  Temperatures 

HEAT  TREATMENT  and  PHYSICAL  PROPERTIES 


Heat  Treatment 

Physical  Properties 

Test 

No. 

Heated 

Quenched 

Draw-         Yield  Point 

Ultimate 

Elonga- 

Reduc- 

to 

in 

ing 
Temp. 

Strength 

tion  (in 
2") 

tion  in 
Area 

1 

800  °C 

Oil 

350 °C  68,000  lbs./sq.  in. 

91,000  lbs./sq.  in. 

20.0% 

66.3% 

2 

" 

" 

400 °C  67,700 

90,300 

29.5% 

66.3% 

3 

" 

450 °C  66,200 

88,700 

31.5% 

68.5% 

4 

" 

" 

500°C  65,000 

87,100 

31.5% 

66.3% 

5 

" 

" 

550°C  62,600 

85,900 

32.0% 

66.2% 

6 

" 

600  °C  61,900 

83,000 

35.0% 

70.5% 

7 

Colled  Fr 

eely  in 

Air. 

57,500 

77,900 

34.0% 

61.5% 

8 

" 

Cooled  SI 

owly  in 

Furnac 

e.             54,000 

73,100 

31.0% 

59.0% 

9 

As  Rolle 

d 

47,800 

73,300 

34.0% 

58.8% 

Notes  : 

1.  All  heat  treatments  made  on  the  full  section  (1"  Round),  and  testpieces  (A.S.T.M. 
Standard  2  inch  with  threaded  ends)   machined  from  the  heat  treated  stock. 

2.  This  heat  was  made  from  Sudbury  ore. 


NICU  STEEL  TESTS 

Heat  No.  10 

CHEMICAL  ANALYSES 

1 

Analysis  by 

Bar 

Carbon 

Phos- 
phorus 

Man- 
ganese 

Sulphur 

Silicon 

Nickel 

Copper 

Cobalt 

Nicu  Steel  Co . . 

Mines  Branch . . 

do     

A 
B 

0.34  % 
0.355% 
0.347% 

0.017% 
0.025% 
0.024% 

0.63  % 
0.547% 
0.554% 

0.041% 
0.043% 
0.050% 

0.019% 
0.017% 
0.023% 

1.33% 
1.31% 
1.30% 

0.46  % 
0.570% 
0.572% 

0.13% 
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SERIES  A 

PIECES  from  BAR  A,  Quenched  in  Water  from  800 °C,  and  Drawn  to 

Various  Temperatures 

HEAT  TREATMENT  and  PHYSICAL  PROPERTIES 


Heat  Treatment 

Physical  Properties 

Piece 

No. 

Heated 
to 

Quenched 
in 

Draw- 
ing 
Temp. 

Yield  Point 

Ultimate 
Strength 

Elonga- 
tion (in 
2") 

Reduc- 
tion in 
Area 

1 

800  °C 

Water 

350 °C  87,600  lbs. /sq.  in. 

123,000  lbs./sq.in. 

15.5% 

51.0% 

2 

" 

" 

400°C  83,400 

118,000 

18.5% 

53.8% 

3 

" 

" 

460°C  83,600 

115,000 

19.5% 

56.5% 

4 

" 

" 

500  °C  84,000 

112,500 

22.0% 

61.6% 

5 

" 

" 

550 °C   79,000 

106,000 

23.0% 

61.6% 

6 

" 

" 

600  °C   74,400 

102,800 

25.0% 

64.0% 

7 

Cooled  F 
Air. 

reelyin   52,000 

1 

81,000 

30.5% 

59.1% 

8 

" 

Cooled  SI 

owly  in 

Furnae 

e.             48,400 

76,400 

32.0% 

53.8% 

9     As  Roll 

ed 

53,500 

84,600 

32.0% 

59.1% 

SERIES  B 
PIECES  from  BAR  B,  Quenched  in  Oil  from  800 °C,  and  Drawn  to 
Various  Temperatures 
HEAT  TREATMENT  AND  PHYSICAL  PROPERTIES 


Heat  Treatment                                           Physical  Properties 

Piece 

No. 

Heated 
to 

Quenched 
in 

Draw- 
ing           Yield  Point 
Temp. 

Ultimate 
Strength 

Elonga- 
tion (in 
2") 

Reduc- 
tion in 
Area 

1 

800  °C 

Oil 

350  °C   62,200  lbs./sq.in. 

98,300  lbs./sq.in. 

25.5% 

61.6% 

2 

" 

400  °C  65,200 

99,400 

24.0% 

61.6% 

3 

" 

460 °C  64,700 

99,400 

26.0% 

61.6% 

4 

" 

500°C  72,900 

99,800 

25.5% 

61.6% 

5 

" 

550°C   65,700 

94,200 

27.0% 

64.0% 

6 

" 

600 °C   66,200 

94,200 

29.0% 

64.0% 

7 

Cooled  F 

reely  in 

Air. 

53,000 

81,500 

29.0% 

59.1% 

8 

** 

Cooled  si 

owly  in 

Furnae 

e.              40,700 

76,400 

31.5% 

59.1% 

9 

As  Roll 

ed. 

153,500 

1] 

82,000 

29.5% 

56.5% 

Notes: — 

1.  All  heat  treatments  made  on  the  full  section  (1"  Rounds).     Testpieces  (A.S.T.M. 
Standard  with  threaded  ends) ,  were  then  machined  from  the  heat  treated  stock. 

2.  This  heat  was  made  from  Sudbury  slag. 
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NICU      STEEL 

HEAT  H?4 
TENSILE       TESTS 
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NICU     STEEL 
HEAT    N9 IO 
TENSILE       TESTS 

A.       WATER      QU£/VC»£D      FROM     BO0°C 

B        Oil 
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PHOTOMICROGRAPHS.     HEAT  No.  4 
MAGNIFICATION  75  DIAMETERS 


Quenched  in  water  from  800°C.     Drawn  to  400°C. 


Quenched  in  water  from  800°C.     Drawn  to  500°C. 
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Quenched  in  water  from  800°C.     Drawn  to  600°C. 


As  Rolled. 
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fj^i    JTmtmbtw^  ^~    >jf*n^*y'^r'  -> '  '-j**? 

r  >*J-'^y_.  ^iaPBf^^/^BL'^ji  /  :'"^ilv'Jx"', 

fe^^^^^i^^i 

^;  ^l^^^s^^k^fe^i^iL^S^ 

Annealed  at  800°C. 

PHOTOMICROGRAPHS.     HEAT  No.  10. 

MAGNIFICATION  75  DIAMETERS 


Quenched  in  water  from  800°C.     Drawn  to  400°C. 
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'  *'.  ,*'  '•'•;;  ,-«V;,r  ***•,    . 

%§,*  -V  **  *«£  '''>  *  *'*; »  « 

Quenched  in  water  from  800°C.     Drawn  to  500°C. 


Quenched  in  water  from  800°C.     Drawn  to  600°C. 
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As  Rolled 


Annealed  at  800°C. 
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DISCUSSION 

Capt.  Jamieson  cAPT.  e.  A.  Jamieson,  A.M.E.I.C.— This  paper  is  one  that  should 
interest  every  engineer  at  this  time,  and  if  this  process  be  carried  out  on 
a  large  commercial  scale,  it  means  not  only  a  rejuvenation  of  our  steel 
industry,  but  means  the  greatest  boost  it  has  yet  received. 

This  process  means  not  only  the  reclaiming  of  the  8,000,000  tons  of 
iron  said  to  be  held  in  the  slag  dumps  in  the  Sudbury  District,  but  means  the 
production  of  a  steel  of  excellent  qualities.  The  presence  of  copper  in  the 
Nicu  Steel  is  not  too  high.  The  copper  in  steel  used  to  be  considered  to  be 
very  harmful,  but  now  it  is  known  that  when  it  is  present  in  small  quanti- 
ties, it  has  no  serious  influence  on  the  physical  properties  of  steel. 

According  to.  M.  A.  L.  Colby  (Stahl  and  Eisen,  1900,  pp.  20.55), 
neither  a  propeller  shaft  with  .565  per  cent  copper  nor  a  gun  tube  with  .553 
per  cent  showed  any  defects  after  forging  and  hardening,  and  armour  plates 
with  .575  per  cent  flanged  well  and  answered  all  the  requirements  of  the 
American  Navy.  Various  samples  of  Bessemer  steel  with  carbon  ranging 
from  .11  to  .65  per  cent  and  with  .292  to  .486  per  cent  copper  showed  no 
red  shortness  on  rolling. 

A  steel  containing  a  high  percentage  of  copper,  although  not  red  short 
in  the  ordinary  sense,  yet  will  not  bear  the  same  amount  of  heat  as  the  same 
metal  without  copper,  thus  showing  that  the  effect  of  the  latter  resembles 
that  of  carbon,  rather  than  that  of  sulphur. 

After  making  various  physical  tests  on  cuperous  samples,  the  investi- 
gators concluded  that  copper  does  not  possess  the  property  of  making  steel 
red  short. 

C.  F.  Burgess  and  J.  Ashton  (Electrochemical  and  Metallurgical 
Industry,  1909,  vol.  VII,  pp.  527-529),  have  also  examined  the  properties 
of  iron-copper  alloys,  and  found  that  the  alloys  up  to  two  per  cent  copper, 
forge  well  at  red  heats.  Those  from  2  to  7  per  cent  copper  will  not  forge 
at  a  low  temperature,  and  rather  poorly  at  a  white  heat,  the  case  of  work- 
ability varying  inversely  as  the  percentage  of  copper.  The  same  authors 
(Ibid,  1910,  vol.  VIII,  pp.  23-26),  on  examining  the  magnetic  and  elec- 
trical properties  of  these  alloys  found  that  above  2  per  cent  copper  the  per- 
meability falls  off  rather  rapidly  as  the  copper  content  is  increased,  but  only 
bars  of  4  per  cent  and  more  are  conspicuously  poor.  Annealing  greatly 
improves  the  quality  of  the  bars. 

From  Col.  Leonard's  paper,  on  page  9,  the  chemical  analyses  show  the 
copper  constituent  to  be  well  below  the  figures  given  by  Mr.  Colby.  As 
regards  the  nickel  constituent,  its  percentage  is  somewhat  lower  than  that 
required  in  the  manufacture  of  gun  steel  but  as  this  system  appears  not  to 
take  into  consideration  the  addition  of  any  elements  other  than  those 
already  contained  in  the  ore  or  slags  used,  the  increase  in  the  per  cent  of 
nickel  can  be  artificially  carried  out.  The  physical  tests  appear  very 
satisfactory  and  must  be  very  gratifying  to  the  makers  of  the  Nicu  steel. 
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Last  year,  it  was  my  privilege  to  visit  a  number  of  the  large  steel  Capt.  Jamieson 
producing  corporations  of  Great  Britain,  and  everywhere  the  same  ques- 
tion was  asked,  "What  are  you  doing  in  Canada  to  improve  the  steel 
stiuation?"  Steel  is  required  in  larger  quantities  and  of  a  better  quality 
than  the  world  has  ever  demanded  before,  and  if  we  as  Canadian  engineers, 
know  how  to  increase  this  production  of  steel,  it  is  our  duty  to  see  that  it  is 
carried  out.  Why  should  Canada  not  compete  in  the  great  call  for  arma- 
ment? Previous  to  the  War,  Great  Britain  and  Germany  supplied  the 
largest  percentage  of  the  World's  armament,  and  what  has  it  done  for 
Great  Britain?  Huge  industries  can  be  built  here  in  Canada,  as  well 
as  over  there. 

Do  the  engineers  or  general  public  realize  what  it  would  mean  to  our 
Empire  should  the  Huns  succeed  in  their  efforts  to  bomb  the  large  steel 
plants  in  England. 

I  was  present  during  raids  of  the  Huns  and  saw  them  make  efforts  to 
reach  the  steel  plants  in  the  North  of  England.  An  extremely  high  wind 
was  all  that  saved  them  one  night,  and  judging  from  the  damage  caused  by 
one  Zeppelin  bomb,  a  steel  plant  would  be  wiped  out  in  no  time  and  past 
all  hopes  of  repair,  as  several  tons  of  molten  steel  let  loose  are  not  as  snow, 
regards  removal. 

It  would  be  the  greatest  national  catastrophe  that  could  befall  us  and 
would  we  in  Canada,  as  a  part  of  our  Great  Empire,  not  be  sadly  lacking  in 
our  duty  as  such,  if  we  were  not  ready  to  step  in  to  help  fill  the  breech.  The 
production  of  high  grade  steel  in  large  quantities,  in  Canada  is  a  national 
necessity  at  present  and  in  the  future  post  war  days,  it  would  enable  us  to 
compete  with  the  world. 

From  the  viewpoint  of  armament,  which  at  this  time  is  before  us  all, 
why  should  Canada  not  be  independent  and  manufacture  her  own  arma- 
ment ?  Col.  Leonard  shows  us  that  we  have  the  raw  material  and  that  this 
system  can  produce  high  grade  steel.  If  the  Government  of  our  country 
does  not  see  the  necessity  of  encouraging  the  increased  production  of  steel, 
then  we  as  members  of  the  Canadian  Society  of  Civil  Engineers  are  not 
doing  our  duty  if  we  do  not  appeal  to  them  to  see  as  we  do  and  urge  upon 
them  the  necessity,  if  necessary,  of  subsidizing  corporations  to  enable 
Canada  to  take  her  place  in  the  front  line  with  the  great  steel  producing 
countries  together  with  their  allied  industries. 

Mr.  G.  C.  Mackenzie,  (Sec,  Munitions  Resources  Commission,  Mr.  Mackenzie 
Ottawa.) — I  have  been  very  much  interested  in  Col.  Leonard's  paper 
as  it  reminds  me  of  a  discussion  I  had  some  years  ago  with  Mr. 
R.  W.  Seelye,  late  manager  of  the  Mines  Department,  of  the  Algoma  Steel 
Corporation.  Mr.  Seelye  had  an  idea  that  some  use  could  be  made  of  the 
large  slag  dumps  at  Copper  Cliff  and  Victoria  Mines,  and  suggested  that 
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Mr.  Mackenzie  the  iron  content  might  be  separated  by  means  of  electro  magnets.  This, 
of  course,  was  out  of  the  question  because  the  iron  exists  in  these  slags  in 
the  form  of  a  silicate,  chemically  combined.  Subsequently,  I  proposed  the 
smelting  of  these  slags  to  the  blast  furnace  superintendent  who  was  then  in 
charge  of  the  Soo  furnaces,  but  he  was  not  at  all  enthusiastic  over  making 
use  of  this  material  which  he  claimed,  quite  rightly,  was  very  similar 
to  mill-cinder,  a  slag  product  of  puddling  furnaces,  which  is  sometimes 
used  in  the  manufacture  of  pig  iron. 

Mill-cinder,  as  every  iron  blast  furnace  man  knows,  is  a  most  objec- 
tionable material  to  smelt  because  its  fusion  point  being  low  it  melts  high 
up  in  the  blast  furnace  stack  and  runs  ahead  of  the  charge  in  the  for_m  of 
unreduced  iron  silicate  with  ill  affect  upon  the  furnace  lining  and  also  upon 
the  quality  of  the  pig  iron  produced.  On  the  other  hand,  oxides,  such  as 
hematite,  limonite  and  magnetite  are  gradually  reduced  and  carbonized 
in  their  descent  to  the  tuyeres  where  the  iron  is  finally  brought  to  the  fusion 
point  and  falls  to  the  hearth. 

I  have  myself  smelted  a  considerable  tonnage  of  mill-cinder  and  have 
a  lively  recollection  of  its  behavior;  and  while  I  have  never  heard  of  a 
furnace  burdened  entirely  with  this  material  I  would  anticipate  consider- 
able difficulty  in  smelting  in  a  blast  furnace  the  Sudbury  slags  which  are 
similar  in  physical  condition  to  a  mill-cinder. 

A  mixture  of  roasted  copper-nickel  ore  and  slag  might  be  easier  to 
work  than  the  slag  alone;  but  I  would  anticipate  that  fuel  consumption 
would  be  relatively  high,  possibly  over  3,000  pounds  of  coke  per  ton  of 
copper-nickel  pig  on  the  supposition  that  a  furnace  operating  with  this 
material  would  require  to  be  run  very  hot  and  with  a  very  basic  slag. 
It  might  be  possible  to  carry  out  experiments  in  one  of  the  idle  blast  furnace 
stacks  at  Parry  Sound  or  Midland,  Ontario.  Such  experiments  would,  of 
course,  be  costly  but  would  I  think  demonstrate  the  practicability  or  other- 
wise of  manufacturing  Nicu  pig  from  a  mixture  of  roasted  Sudbury  ores 
and  Sudbury  slags. 

In  so  far  as  the  electric  reduction  of  these  materials  is  concerned  I 
would  think  that  electric  power  should  be  secured  for  not  more  than 
$10.00  per  horse-power  year,  if  commercial  success  is  to  be  attained. 
From  a  purely  metallurgical  standpoint  the  production  of  Nicu  steel  in 
electric  furnaces  may  be  said  to  have  been  a  success;  but  it  is  quite  another 
matter  to  produce  this  steel  to  compete  in. the  open  market  with  nickel 
steels  made  by  standard  practise.  It  may  be  said,  therefore,  that  Nicu 
steel  might  eventually  become  a  commercial  success,  by  first  manufacturing 
Nicu  pig  in  coke  iron  blast  furnaces,  providing  the  smelting  of  iron  silicate  is 
proved  a  success  and  then  converting  this  pig  to  Nicu  steel  either  in  electric 
or  open  hearth  furnaces. 
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Col,  D.Carnegie,  (Imperial  Munitions  Board). — Col.  Leonard  is  to  be  Col.  Carnegie 
congratulated  on  the  work  he  has  done  in  connection  with  the  manufacture 
of  copper-nickel  steel  from  the  Sudbury  ores.     This  work  is  of  the  highest 
importance  to  Canada  but  I  feel  there  is  much  yet  to   be   done  in  an 
experimental  way  before  it  is  proved  really  a  commercial  proposition. 

The  Imperial  Munitions  Board  are  now  conducting  experiments  with 
regard  to  the  qualit}'  and  uses  of  the  steel  produced  by  this  company. 

Mr.  W.  J.  Dick,  M.E.I.C,  (Conservation  Commission). — The  Mr.  Dick 
successful  and  economic  manufacture  of  Nicu  steel  is  one  of 
considerable  importance  both  from  the  commercial  and  conservation 
standpoint.  By  the  present  practice  all  of  the  iron  and  sulphur 
content  of  the  ore  is  lost,  the  former  representing  a  loss  of  about  three- 
quarters  of  a  million  tons  of  iron  per  year  while  the  loss  of  sulphur 
amounted  to  about  100  tons  per  day.  It  is  true  that  the  markets  could 
not  consume  this  quantity  of  sulphur  or  sulphuric  acid,  but  owing 
to  the  nature  of  the  process  now  in  use  it  is  not  possible  to  recover  the 
sulphur  as  elemental  sulphur  or  as  sulphuric  acid. 

Canada  has  always  realized  the  importance  of  having  an  iron  and  steel 
industry. 

Since  1896  a  total  of  $16,785,827  has  been  paid  by  the  Government 
of  Canada  in  bounties  for  the  production  of  iron  and  steel,  the  annual 
payments  on  pig-iron,  puddled  iron  bars,  steel,  and  manufactures  of  steel, 
being  shown  in  the  following  table. — 
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Total  Bounties  on  Iron  and  Steel  Paid  by  the  Government  of  Canada 

since  1896 


Year  Ended 

Pig-Iron 

Puddled 
Iron  Bars 

Steel 

Manu- 
factures 
of  Steel 

June  30,  1896 

$ 
104,105 

66,509 
165,654 
187,954 
238,296 
351,259 
693,108 
666,001 
533,982 
624,667 
687,632 
385,231 
863,817 
693,423 
573,969 
261,434 

$ 

5,611 

3,019 

7,706 

17,511 

10,121 

16,703 

20,550 

6,702 

11,669 

7,895 

5,875 

312 

$ 

59,499 

17,366 

67,454 

74,644 

64,360 

100,058 

77,431 

729,102 

347,990 

676,318 

941,000 

575,259 

1,092,201 

838,100 

695,752 

350,456 

$ 

"        1897 

"        1898 

"        1899.. 

"        1900 

"         1901 

"         1902 

"         1903 

"         1904 

15,321 
231,324 

"         1905 

"         1906 

369,832 
338,999 
347,135 

Mar.  31,  1907  (9  months). 
"        1908 

"         1909 

333,091 

"        1910 

538,812 

"         1911 

526,858 

"         1912 

166,750 

"         1913 

Total 

7,097,041 

113,674 

6,706,990 

2,868,122 

These  bounties  have  been  the  means  of  greatly  stimulating  the 
industry  and,  therefore,  of  great  importance  in  connection  with  the  manu- 
facture of  munitions  in  Canada.  At  the  same  time,  the  iron  and  steel  in- 
dustry is  largely  dependent  on  Newfoundland  and  the  United  States  for 
supplies  of  iron  ore.  There  are  only  two  iron  mines  in  Canada — the 
Magpie  and  the  Helen. 

The  importance  of  Nicu  steel  to  Canada  is  evident  when  it  is  con- 
sidered that  the  Sudbury  deposits  consitute  the  greatest  known  reserves 
of  iron  in  Canada. 


Mr.  Challies  Mr.  J.    B.  Ch  allies,    M.E.I. C.     (Supt.     Water    Powers    Branch, 

Dept.  of  the  Interior). — We  have  at  last  heard  of  a  real  constructive 
conservation  scheme  of  national  moment.  If  the  process  for 
nickel-copper  steel  production  so  instructively  described  by  Colonel 
Leonard  and  his  colleague,  Mr.  Colvocoresses,  proves  to  be  the  economic  and 
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commercial  success  which  we  are  all  so  reasonably  assured  it  will,  it  will  Mr.  CMmlliea 
mean  the  salvation  of  two  of  our  great  industries  and  the  rejuvenation  of  a 
third.  The  assured  production  of  high  grade  Nicu-steel  will  save  our  great 
steel  industry  and  apparently  without  the  necessity  of  Government  bonuses. 
The  production  of  large  quantities  of  sulphur — the  milk  of  chemical  manu- 
facture— will  prove  a  boon  to  a  great  many  important  electro-chemical 
processes  now  largely  dependent  upon  imported  sulphur,  and  probably  of 
equal  importance  will  be  the  rejuvenation  of  the  great  industry  of  hydro 
power  development  in  Central  Canada.  It  is  not  clear  yet  that  electric 
energy  is  an  essential  feature  of  the  process  necessary  to  produce  Nicu-steel. 
It  is  probable,  however,  that,  when  all  the  factors  involved  are  carefully 
weighed,  cheap  electric  power  will  prove  to  be  an  integral  part  of  the  pro- 
ject. Fortunately  Canada  has  in  her  vast  water  power  resources  potential 
possibilities  which  can,  if  necessary,  be  called  upon. 

Probably  the  most  interesting  feature  of  the  whole  matter,  however, 
is  that  raised  by  Capt.  Jamieson,  namely,  the  relationship  of  this  process 
to  the  world  production  of  steel.  We  sincerely  hope  that  Capt.  Jamieson's 
prediction  that  Canada,  as  a  result  of  this  process  will  be  at  least  able  to 
take  the  position  occupied  by  Germany  in  the  world  production  of  steel 
previous  to  the  war.  If  so,  the  future  of  our  country  is  indeed  a  rosy  one 
for  the  engineer. 

Mr.  Adam  Shortt. — Colonel  Leonard's  paper  and  much  of  the  discus-  Mr.  Shortt 
sion  which  followed  it  leads  to  the  practical  conclusion,  so  often  verified  in 
other  cases,  that  the  real  line  of  progress  in  the  development  of  national 
resources  lies  in  a  close  study  of  the  peculiar  nature  and  possibilities  of  these 
resources.  Yet,  lacking  original  and  independent  initiative,  an  addition 
to  the  careful  study  of  the  world's  past  experience,  the  popular  tendency  is 
towards  the  mechanical  reproduction  of  the  methods  and  processes  which 
have  been  justified  elsewhere.  As  this  mechanical  reproduction  of  foreign 
methods  is  commonly  accompanied  in  its  early  stages  with  considerable 
loss,  it  is  sought  to  compensate  for  this  by  drawing  on  the  national  resources, 
either  through  direct  bounties  or  indirect  taxation  via  customs  duties.  A 
closer  examination  commonly  reveals  the  fact,  however,  that  the  successes 
achieved  elsewiiere,  and  which  it  is  frequently  so  difficult  to  reproduce  under 
new  conditions,  have  themselves  been  due  to  just  that  enterprising  study 
of  the  special  features  of  the  peculiar  combination  of  factors  which  every 
new  country  or  area  presents. 

The  possibilities  of  turning  out  from  the  iron,  nickel  and  copper  ores 
of  the  Sudbury  region,  under  the  most  favourable  market  conditions, 
indefinite  quantities  of  nicu-steel,  without  first  separating  and  then  recom- 
bining  these  metals,  suggests  a  revolution  in  the  production  of  this  highly 
valuable  alloy,  comparable  only  to  that  accomplished  through  perfecting 
the  methods  of  producing  carbonized  steel  directly  from  the  ores  as  com- 
pared with  the  older  and  enormously  more  costly  methods  of  carbonizing 
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Mr.  Shortt  wrought  iron.  It  would  appear  that  what  chiefly  remains  to  be  done  is  to 
work  out  the  details  of  the  most  efficient  and  economic  method  of  pro- 
ducing from  the  ores  and  slags  of  the  Sudbury  region  the  most  effective 
alloy  or  series  of  alloys  of  iron,  nickel  and  copper  suitable  for  the  uses  to 
which  the  finished  product  may  be  applied.  Here  we  have  a  series  of 
problems  of  the  highest  national  interest  which  at  once  calls  for  and  justi- 
fies liberal  assistance  on  the  part  of  the  government.  It  is  just  at  this  stage 
in  the  development  of  national  resources  that  government  assistance  is 
certain  to  be  most  effective  and  most  completely  justified.  Such  a  policy 
contributes  to  the  national  interest  as  a  whole,  since  the  results  of  the 
demonstrations  which  may  be  made  through  government  assistance  will  be 
available  for  any  corporate  or  private  interests  which  may  be  able  and 
willing  to  undertake  as  a  commercial  venture  what  has  been  demonstrated  to 
be  a  practicable  use  of  a  great  national  resource.  The  government  would 
be  in  an  excellent  position  to  attach  whatever  regulations  may  be  necessary 
in  the  public  interest  to  the  private  development  of  these  resources.  In  this 
way,  and  at  a  mere  fraction  of  the  outlay  incurred  in  the  line  of  iron  and 
steel  bounties,  the  government  may  place  an  incalculably  important  in- 
dustry on  a  sound  financial  basis  attractive  to  either  private  or  foreign 
capital. 

Mr.  DeCew.  Me.  J.  A.  DeCew,  A.  M.E.I. C. — Mr.  President  and  Gentlemen,   I  am 

pleased  to  be  able  to  express  my  interest  and  appreciation  of  this  paper 
as  there  are  several  aspects  of  it  which  are  of  particular  interest  to  the 
chemical  engineer,  one  being  the  remarkable  chemical  inactivity  of  this 
new  product.  These  copper  steels  which  contain  such  a  small  quantity  of 
copper  in  solution  in  the  iron,  become  so  resistant  to  corrosion  that  they 
compete  directly  with  the  almost  chemically  pure  iron,  which  is  now 
widely  used  for  those  purposes  where  corrosion  is  a  great  disadvantage. 

The  economic  importance  of  this  "Nicu  Steel"  to  the  industries  of 
Canada  is  perhaps  not  yet  fully  appreciated  and  I  sincerely  trust  that 
nothing  will  occur  to  retard  its  development. 
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KETTLE  RAPIDS  BRIDG I . 

By  W.  Chase  Thomson.  M.E.J  C. 

(Read  at  a  meeting  of  the  Society  on  April  11th,  1918). 

GENERAL 

The  Hudson  Bay  Railway  extends  from  The  Pas,  the  northern 
terminus  of  the  Canadian  Northern  Railway  in  Manitoba,  to  Port  Nelson 
on  Hudson's  Bay,  a  distance  of  424  miles.  Although  primarily  intended 
as  a  short  route  for  the  export  of  grain  to  Europe,  the  railway  opens  up 
a  valuable  territory,  rich  in  minerals,  fish  and  pulp-wood  and  of  great 
agricultural  possibilities.  The  grading  has  been  completed  throughout, 
and  the  rails  have  been  laid  to  mile  332. 

There  are  three  important  bridges  on  the  line:  The  first  crosses 
the  Saskatchewan  River  at  The  Pas,  and  comprises  four  fixed-spans 
of  about  150  feet  each  together  with  a  swing-span  of  about  250  feet; 
the  second  crosses  the  Nelson  River  at  Manitou  Rapids,  mile  24 2,  and 
is  a  handsome  structure  of  conventional  deck  cantilever  type,  with 
a  channel-span  of  304  feet  6  inches  and  anchor-spans  of  108  feet  9  inches, 
supplemented  by  an  85  foot  plate-girder  span  at  the  north  end;  the  third, 
which  is  the  subject  of  this  paper,  is  at  the  second  crossing  of  the  Nelson 
River,  or  Kettle  Rapids,  mile  332,  the  present  end  of  steel.  The  hit  itude 
of  the  bridge-site  is  56°-23'-28"  N.,  and  the  longitude,  94°-34'-49"  W. 

The  Nelson  is  one  of  the  great  rivers  of  Canada,  its  drainage  including 
the  prairies  of  Alberta,  Saskatchewan  and  Manitoba  on  the  west,  the 
Red  River  Valley  on  the  south  and  part  of  Ontario  on  the  cast:  but, 
owing  to  the  intervention  of  Lake  Winnipeg  which  serves  as  a  huge 
reservoir,  the  flow  of  water  in  this  river  throughout  the  year  is  remark- 
ably uniform.  At  Kettle  Rapids,  the  lowest  water-level  recorded  to 
date  is  316.0,  as  observed  December  31,  L917;  and  the  highest  water- 
Level,  with  the  river  unobstructed  by  ice,  319.0.  as  observed  November  3, 
1916;  a  difference  of  only  3  feet.  But,  with  the  freezing  of  the  river 
and  the  consequent  jamming  of  huge  quantities  of  drift-ice,  the  channel 
is  greatly  obstructed  and  the  water  rises  suddenly.  In  the  winter  of 
1916-17,  this  phenomenal  rise  began  at  Kettle  Rapida  on  January  L9th, 
when  the  water  was  at  elevation  317.0,  and  the  greatest  height, 
was  reached  on  February  3rd.     Within  two  Hays,  however,  the  water 
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dropped  7  feet;  after  which,  it  gradually  subsided  to  325.0  on  May  23rd; 
it  then  went  down  suddenly  and  reached  a  normal  elevation  of  317.0 
on  June  6th,  when  the  river  was  clear  of  ice.  Owing  to  the  exceptionally 
low  temperature  throughout  December  1917,  the  ice-jam  occured  on  the 
last  day  of  that  month,  which  was  much  earlier  than  usual.  The  water 
was  then  at  elevation  316.0,  but  rose  9  feet  during  the  next  24  hours; 
and,  on  January  6th  when  the  last  observation  was  made,  it  had  reached 
elevation  335.0,  or  within  3.5  feet  of  the  recorded  maximum.  . 

The  highest  ice-peaks  have  always  been  found  on  the  islands,  where 
piers  2  and  3  are  located.  In  the  winter  of  1916-17,  when  the  water  was 
at  its  maximum  height  of  338.5,  there  were  ice-peaks  as  high  as  344.5, 
the  same  as  had  been  observed  during  the  winter  of  1913-14;  but,  with 
the  fall  of  the  water,  they  settled  to  elevation  342.0,  and  remained  there 
until  melted. 

The  main  channel  at  the  bridge-site  is  only  350  feet  wide,  and 
estimated  to  be  about  200  feet  deep  at  the  centre;  the  current  is  very 
swift,  and  there  is  always  a  certain  amount  of  open  water.  Directly 
above  and  below  the  bridge-site,  however,  the  river  freezes  all  the  way 
across,  but  only  after  the  jamming  of  the  ice  and  the  consequent  rising 
of  the  water.  It  is  evident  that  there  can  never  be  any  danger  from 
ice,  either  to  the  superstructure  or  to  the  piers;  for  the  steelwork  is 
15  feet  clear  of  the  highest  fixed  ice-peaks,  and  there  is  running-ice  only 
when  the  water-level  is  much  below  its  maximum  elevation. 

A  diagram  of  water-levels,  from  June  1,  1916,  to  January  6,  1918, 
is  shewn  on  plate  I. 

In  locating  the  line,  advantage  was  taken  of  two  very  conveniently- 
placed  islands,  allowing  a  central  span  of  400  feet,  with  piers  and  abut- 
ments on  the  solid  rock.  This  rock  is  of  pre-cambrian  origin  and  is  a 
tough  granitoid  gneiss. 

The  general  design  and  dimensions  of  the  bridge,  including  the 
substructure,  are  shewn  on  plate  II.  It  will  be  noted  that  it  is  a  con- 
tinuous structure  1000  feet  long,  having  a  channel-span  of  400  feet  and 
two  side-spans  of  300  feet  each.  The  trusses,  or  main  girders,  are  of 
the  sub-divided  Warren  type,  50  feet  deep  throughout,  24  feet  apart 
centre  to  centre,  having  25-foot  panels.  There  are  two  lines  of  stringers, 
8  feet  apart  centre  to  centre;  and  the  base-of-rail  is  17  feet  6  inches  above 
the  centre-line  of  the  bottom-chords.  The  structure  is  rivetted  through- 
out, and  all  bracing  is  rigid;  it  is  fixed  at  pier  3,  and  provided  with 
expansion-rollers  at  all  other  bearings.  The  ties  are  8x12  inches,  14  feet 
long,  spaced  12  inches  centre  to  centre;  they  are  notched  ^  inch  on  the 
stringers,  and  every  fourth  tie  is  fastened  thereto  by  a  %-inch  hook- 
bolt.  The  outer  guard-timbers  are  8x9  inches,  spaced  10  feet  10  inches 
in  the  clear;  they  are  notched  one  inch  and  secured  to  every  fourth  tie 
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by  a  %-inch  bolt.  Steel  guard-rails,  weighing  60  lbs.  per  yard,  are 
provided  inside  of  the  running  rails,  with  8  inches  clearance  between 
heads;  they  are  brought  together  in  a  frog  beyond  the  ends  of  the  bridge. 
The  main  (or  running)  rails  are  of  the  American  Society  of  Civil  Engi- 
neers' standard  section,  weighing  80  lbs.  per  yard;  at  abutment  1,  where 
the  total  expansion  and  contraction  of  the  bridge  will  be  about  8  inches, 
they  are  provided  with  specially-designed  expansion-joints  of  the  split- 
switch  form,  with  points  of  manganese-steel.  Refuge-bays,  for  pedes- 
trians, are  provided  at  intervals  of  200  feet. 

Three  types  of  bridges  were  practicable  for  this  location:  1st,  simple 
spans,  with  temporary  members  over  the  piers  for  cantilever-erection 
of  the  channel-span;  2nd,  the  conventional  cantilever  bridge,  with  a 
central  freely-suspended  span;  3rd,  a  true  continuous-girder  bridge. 
The  first  would  have  been  satisfactory,  but  un-economical,  owing  to  the 
great  weight  of  extra  metal  required  for  erection  stresses  only.  The 
second  was  rejected  partly  on  account  of  the  objectionable  articulated 
joints  at  the  ends  of  the  suspended  span,  but  principally  because  of  the 
expensive  shop  and  erection  work  in  connection  therewith;  for  an  econom- 
ically-designed cantilever  structure  would  have  required  a  much 
greater  depth  over  the  piers,  with  considerably  less  depth  at  the  abut- 
ments and  for  the  suspended  span,  resulting  in  sloping  chords  and 
irregular  webbing;  besides,  in  order  to  obtain  such  economical  propor- 
tions, it  would  have  been  necessary  to  locate  the  bottom-chords  as 
close  to  the  base-of-rail  as  possible,  thus  largely  increasing  the  quantity 
of  concrete  in  tlie  substructure. 

The  third  type,  as  designed  and  built,  is  the  most  rigid  of  all,  and 
the  most  economical;  for  it  required  no  extra  metal  for  erection-stresses, 
except  in  the  bottom-chords  of  the  channel-span  adjacent  to  the  piers, 
where  the  increase  of  section  wras  slight;  the  simplicity  and  uniformity 
of  the  framing  reduced  the  cost  of  fabrication  to  a  minimum;  and  the 
continuous  horizontal  chords,  without  adjustable  joints,  greatly  facili- 
tated the  work  of  erection.  It  is  admitted  that  continuous-girder 
bridges  have  been  regarded  somewhat  unfavourably  in  the  past;  for 
it  has  been  claimed  that  the  usual  theory  for  computing  the  stresses 
therein,  which  assumes  a  constant  moment  of  inertia,  is  inexact;  that 
the  computation  of  the  stresses  is  too  difficult  and  tedious;  finally,  that 
the  least  settlement  of  any  support  would  radically  alter  the  stresses 
and  thus  endanger  the  structure.  No  doubt,  in  the  old  days  of  pin- 
connected  bridges,  continuous  girders  were  undesirable  in  many  respects; 
although  a  notable  example  of  such  a  structure,  which  has  received 
much  praise  and  which  gave  excellent  service  for  many  years,  was  the 
old  Canadian  Pacific  Railway  bridge  at  Lachine.  Now  that  pin- 
connections  have  been  almost  entirely  superseded  by  rivetted  joints, 
continuous  girders  are  growing  in  favour;  and  the  most  remarkable 
example  of  such  construction  is  to  be  found  in  the  recently-constructed 
Sciotoville  Bridge  over  the  Ohio  River,  comprising  two  continuous  spans 
of  775  feet  each. 
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Regarding  the  objection,  that  the  computed  stresses  are  inexact, 
it  may  be  stated  that,  in  the  present  instance,  the  reactions  were  first 
computed  for  panel-concentrations  by  formulae  as  given  in  Merriman 
and  Jacoby's  "Roofs  and  Bridges",  part  IV,  pp.  12  and  13,  and  afterwards 
checked  by  the  elastic  method.  The  difference  in  the  results  obtained 
by  these  two  methods  was  less  than  y%  of  1%,  which  should  satisfy  the 
most  exacting.  This  close  agreement  was  undoubtedly  due  to  the 
parallel  chords  and  nearly  constant  moment  of  inertia;  but,  in  the  most 
extreme  case,  the  error  due  to  the  use  of  the  formulae  would  probably 
not  exceed  6%. 

The  objection,  that  the  labour  of  computing  the  stresses  for  con- 
tinuous girders  is  too  difficult  and  tedious,  is  unworthy  of  notice,  espe- 
cially where  a  large  and  important  structure  is  concerned. 

Finally,  the  claim  with  reference  to  results  that  would  be  produced 
by  a  possible  settlement  of  one  or  more  of  the  supports,  is  more  rational, 
but  much  exaggerated;  for  continuous  girders  are  very  elastic  structures, 
and  can  accommodate  themselves  to  small  settlements  of  supports 
without  developing  serious  alterations  of  stress  in  their  members.  In 
this  case,  the  ends  of  the  trusses,  if  unsupported,  would  deflect  25  inches 
below  the  horizontal  line  from  dead-load;  and  the  alteration  in  the  dead- 
load  reactions  at  the  abutments  due  to  raising  or  lowering  the  end 
supports  a  whole  inch  would  only  be  9500  lbs.,  or  4%,  whilst  the  reactions 
and  stresses  for  the  live-load  would  not  be  affected  at  all.  Moreover, 
it  is  inconceivable  that  any  settlement  of  the  foundations  can  take 
place,  as  they  are  all  on  the  solid  rock;  otherwise,  this  design  would 
not  have  been  adopted.  Furthermore,  in  order  to  provide  for  possible 
small  inaccuracies  in  fabrication  or  erection,  the  ends  were  made  adjust- 
able by  allowing  l^g  inches  for  shims  between  the  shoe-castings  and 
the  bottom-chords;  and  hydraulic-jacks,  with  gauges  attached,  were 
used  to  set  the  ends  at  the  height  necessary  to  obtain  the  computed 
dead-load  reaction.  In  this  connection,  and  referring  again  to  the 
Scioto ville  Bridge,  the  following  quotation  from  an  article  by  Clyde 
B.  Pyle,  published  in  Engineering  News-Record,  January  31,  1918, 
will  be  of  interest: 

"One  of  the  most  striking  features  of  the  entire  erection  was  the 
curve  for  the  last  few  inches  of  the  jacking,  after  the  steel  towers  were 
both  free.  The  computed  increment  for  each  inch  of  lift  was  7.5  tons; 
and  the  actual  increase  in  load  was  too  small  be  read  on  the  gauges. 

"It  is  quite  evident  from  this  condition  that,  for  long-span  continuous 
trusses,  it  is  not  as  vital  a  point  as  was  formerly  thought  to  be  the  case 
to  have  the  supports  at  exactly  correct  elevations.  In  this  case  an  error 
in  setting  one  of  the  end  supports,  say  as  much  as  3  inches,  would  have 
changed  the  end  reaction  22.5  tons,  or  the  stress  in  the  end-post  32  tons, 
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which  would  be  less  than  the  probable  error  in  computing  the  actual 
stress  in  thai   member.    The  worst  condition  of  shop-work,  erection 

and  setting  of  shoes  could  not  possibly  total  more  than  one  inch;  so 
that  the  certainty  of  stresses  and  therefore  the  safety  of  such  a  bridge 
is  left  without  question. 

"The  fact  that  complications  enter  into  the  design  and  erection 
cannot  bar  the  use  of  such  bridges  as  long  as  they  are  economical.  The 
reasons  usually  given,  that  the  stresses  are  not  statically  determinate 
and  that  uncertainties  of  stresses  result  from  slight  errors  in  elevation 
of  the  supports,  are  no  longer  valid." 

DETAILS  OF  DESIGN 

The  structure  has  been  designed  in  accordance  with  the  General 
Specification  for  Steel  Bridges,  issued  by  the  Department  of  Railways 
and  Canals  in  190S,  except  for  a  slight  modification  in  theimpactformula, 
affecting  alternating  stresses  only,  and  a  change  in  the  allowable  unit- 
stresses  for  compression-members. 

In  the  matter  of  impact,  when  dealing  with  alternate  live-load 
stresses,  the  Department's  specification  requires  the  impact  to  be 
computed  by  squaring  the  arithmetical  sum  of  the  tension  and  com- 
pression stresses  due  to  the  live-load  (or  the  range  of  stress),  and  dividing 
by  the  maximum  algebraic  sum  of  co-existing  dead-load  and  live-load 

TCVthQB  2 

stresses,  or  /=  *  Nowt,  taking  an  extreme  case  in  which  a  member 

max. 

l8  subject  to  alternating  live-load  stresses  of  equal  amounts,  but  no 

(L  +  Z,)2 

dead-load  stress,  the  impact  would  be =  4L,  or  four  times  the 

live-load  stress  of  either  kind,  which  is  certainly  excessive.  If,  however, 
we  take  for  the  range  the  live-load  stress  of  one  kind  and  add  to  it  4/ 10 

of  that  of  the  other  kind,  we  have  ---       =2L,  approximately,  or  an 

impact  equal  to  twice  the  live-load  stress  of  either  kind,  which  would 
seem  to  be  ample.     In  conformity  to  the  above  argument,  impact  has 

rnnoe 
been  computed   by  the   formula,  7= '- — ,  with  the  arbitrary  stipu- 
lation that  the  range  shall  be  taken   as  the   arithmetical  sum   of  the 
live-load  stress  of  the  greater  kind  and  4/10  of  that  of  the  lesser.     When 

L2 

the  live-load  stress  is  of  one  kind  only,  the  formula  reduces  to  1  = 

in  which  L  =  live-load  stress  and  D  =  dead-load  stress. 

Concerning  the  unit-stresses  for  compression-members,  the  Depart- 
ment's specification  calls  for  16000  lbs.  per  square-inch  reduced  by 
Gordon's  formula,  using  in  the  denominator  the  factor  18000  for  square- 
ends,  12000  for  one  square  and  one  pin-end,  and  9000  for  pin-ends.     It  is 
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now  quite  generally  recognised,  however,  that  16000  lbs.  per  square- 
inch  is  entirely  too  high  for  short  columns;  and  the  Joint  Committee 
on  Columns  and  Struts  in  the  United  States,  which  has  recently  sub- 
mitted its  final  report,  recommends  a  maximum  working  unit-stress 
of  12000  lbs.  per  square-inch,  which  is  therein  shewn  to  provide  a  factor- 
of-safety  of  2,  or  the  same  as  for  tension-members  when  designed  for  a 
unit-stress  of  16000  lbs.  per  square-inch  on  the  net  section.  In  the 
General  Specification  for  Steel  Highway  Bridges,  recently  adopted  by 
the  Society,  the  formula  for  compression-members  is  12000  ~  0.3  (l'r  )2, 
which  becomes  zero  when  l/r  =  200.  In  this  bridge,  the  compression- 
members    have    been    designed    in    accordance    with    the     formula, 

(l!r)  2 
12000/1  +  ofinf)o>  which  agrees  closely  with  that  adopted  by  the  Society 

for  values  of  l/r  up  to  70,  but  gives  somewhat  higher  unit-stresses 
for  greater  working  ratios. 

The  stresses,  with  data  for  same  and  the  make-up  of  the  members 
of  the  structure,  are  shewn  on  plate  III.  The  live-load  indicated  is 
"Class  Heavy"  of  the  Department's  specification,  above  noted;  and  the 
dead-load  concentrations  at  panel-points  represent  the  actual  weights 
of  steelwork  and  floor,  carefully  computed  from  the  detail  drawings. 
The  bottom  laterals  have  been  proportioned  on  the  assumption  that  the 
whole  of  the  specified  wind-loads,  both  during  erection  and  afterwards, 
would  be  resisted  thereby;  and  the  wind-load  stresses  in  the  bottom- 
chords  include  the  vertical  effect  of  the  wind-loads,  equal  to  their 
moment  about  the  bottom-chords  divided  by  the  horizontal  distance 
centre  to  centre  of  chords.  The  design  includes  provision  for  cantilever- 
erection  from  piers  2  and  3  to  the  centre  of  the  channel-span.  Wind 
and  erection-stresses  are  shewn  only  where  they  affect  the  sectional 
area  of  members. 

Provision  for  traction  and  braking  forces  has  been  made  by  hori- 
zontal trussing  attached  to  the  top-flange  of  the  stringers  and  to  the 
floorbeams  at  points  M0,  M4,  MS,  M12,  etc.,  or  100  feet  apart,  as  shewn 
on  plates  II  and  III;  which  forces  are  transmitted  to  the  main  girders 
through  the  inclined  struts  M0-M1,  M3-M4,  M4-M5,  M7-MS,   etc. 

The  end  floorbeams  are  provided  with  stiffeners  and  bearing-plates 
at  points  16  feet  apart,  for  jacking-up  the  bridge;  and  the  floorbeams 
at  M12  have  been  specially  designed  for  lifting  the  bridge,  with  unit- 
stresses  increased  by  50%  and  having  stiffeners  and  bearing-plates  at 
points  14  feet  apart. 

Latticing  of  main  members  has  been  avoided  as  far  as  practicable; 
but  the  open  sides  of  compression  chord-members  are  double-latticed 
with  5  x  5^-inch  flats,  having  two  rivets  at  ends  and  at  intersections; 
tension  chord-members  are  similarly  latticed  with  5  x  3^-inch  flats. 
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All  of  the  principal  web-members  are  provided  with  substantial  longi- 
tudinal diaphragms,  which  are  considered  as  part  of  the  effective  section 
thereof;  and  the  heavy  compression  diagonals,  £/6-L8,  C/10-L12,  L12-U14 
and  L16-C/18,  are  further  stiffened  by  tie-plates  on  their  out-standing 
flanges.     All  joints  and  splices  are  fully  rivetted  throughout. 

Rocker-bearings  are  provided  throughout,  having  8-inch  bearing- 
pins  at  the  piers  and  6-inch  bearing-pins  at  the  abutments;  and  the  shoes 
are  steel  castings.  The  bridge  is  fixed  at  pier  3  and  movable  at  pier  2 
as  well  as  at  the  abutments.  At  pier  2,  the  expansion-rollers  are  8  inches 
in  diameter,  and  each  set  is  provided  with  four  12-tooth  cut  pinions  to 
prevent  skewing.  Substantial  curtain-plates  are  supplied  for  the  pro- 
tection of  the  gears  and  to  keep  out  the  dust;  but  they  are  removable 
for  inspection  and  cleaning  of  the  bearings.  At  the  abutments,  the 
expansion-rollers  are  6  inches  in  diameter  and  similarly  provided  with 
alignment  gears  and  curtain-plates.  These  expansion-bearings  are 
shewn  on  plate  IV.  The  fixed-bearings  at  pier  3  are  similar  to  the 
expansion-bearings  at  pier  2,  except  for  rollers  and  bed-plates.  The 
bridge-seats  are  tool-dressed  perfectly  level  and  to  the  exact  elevations 
called  for  on  the  drawings;  and  sheet-lead,  y%  inch  thick,  is  provided 
to  equalise  any  minor  irregularities  of  the  surfaces. 

Owing  to  the  small  deflection  of  this  bridge,  which  is  only  3  inches 
at  the  centre  of  the  channel-span,  for  dead-load  combined  with  the 
maximum  effect  of  the  live-load,  it  was  considered  unnecessary  to 
provide  for  a  perfectly  straight  bottom-chord  under  any  particular 
condition  of  loading;  so  the  trusses  have  been  cambered,  in  accordance 
with  the  more  usual  method  employed  for  simple  spans  of  moderate 
length,  by  increasing  the  length  of  the  top-chord  panels,  as  shewn  in 
the  upper  diagram  on  plate  V.  Members  U10-U12,  and  U12-U14  have 
been  correspondingly  shortened;  and  %  inch  has  been  added  to  the 
verticals  U12-L12,  to  obviate  a  slight  kink  at  panel-points  U12.  At  panel- 
points  L12,  the  ends  of  the  abutting  chord-members  have  been  bevelled 
to  accommodate  the  form  of  the  trusses  when  fully  loaded.  This  method 
of  cambering  has  greatly  simplified  the  shop-work;  and  the  results  are 
entirely  satisfactory. 

The  total  estimated  weight  of  steel  in  the  structure  (including 
floor-bolts),  computed  from  the  writer's  detail  drawings  before  the 
contract  had  been  awarded,  was  4,424,000  lbs.;  and  the  actual  shipping- 
weight,  as  determined  by  the  scales,  was  4,415,000  lbs. 

ERECTION 

Erection  was  started  on  June  6th,  the  earliest  date  possible;  for, 
before  the  falsework  for  the  southern  anchor-span  could  be  placed,  it 
was  necessary  to  blow  up  with  dynamite  huge  masses  of  ice.  This 
anchor-span  was  then  erected  in  the  usual  manner  by  a  75-ton  derrick- 
car,  having  trucks  35  feet  centre  to  centre  and  a  single  50-foot  boom. 
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At  LO,  bottom-chords  were  set  10  inches  low,  by  omitting  the  upper 
shoe-castings  and  using  flatted  pins  for  bearings.  This  was  to  provide 
for  the  deflection  of  the  channel-span  during  erection,  and  to  insure 
that  the  connections  at  L20  could  be  effected  before  the  chords  at  C/20 
would  meet.  After  the  anchor-span  had  been  fully  rivetted,  the  southern 
half  of  the  channel-span  was  then  erected  as  a  cantilever  by  the  same 
derrick-car,  the  ri vetting  following  closely  behind  the  work  of  erection. 
Panel-point  L14  was  supported  temporarily  by  wire  cables  from  panel- 
point.  U12,  until  the  connection  had  been  made  at  [714;  likewise,  panel- 
point  LIS  was  supported  from  panel-point  1716,  until  the  connection 
had  been  made  at  U18.  By  August  18th,  or  eleven  weeks  from  the  date 
of  beginning,  the  first  half  of  the  bridge  was  fully  erected;  and  the  rivet- 
ting  on  this  portion  of  the  structure  was  completed  one  week  later. 

The  next,  and  perhaps  the  most  difficult  piece  of  work  in  connection 
with  the  entire  erection,  was  the  construction  of  a  double  cableway 
for  transporting  to  the  opposite  side  of  the  river  the  materials  for  the 
northern  half  of  the  bridge.  The  cables  were  supported  on  a  rocker- 
bent  40  feet  high,  standing  on  the  top-chords  of  the  southern  cantilever 
at  panel-point  U1S,  and  on  a  timber  tower  120  feet  high  from  the  ground- 
surface,  located  behind  abutment  4,  with  centre-line  60  feet  from  panel- 
point  LO.  The  span  of  the  cableway  was  611  feet;  the  sag,  under  maxi- 
mum load,  36  feet;  and  the  horizontal  distance  of  the  anchorages,  at 
both  ends,  from  adjacent  supports,  400  feet.  A  triangular  equalising- 
girder,  suspended  at  its  ends  from  the  cables. and  having  a  lifting-hook 
at  the  centre,  was  provided  for  loading  the  cables  equally.  The  cable- 
way  was  designed  for  a  live-load  of  14  tons,  the  weight  of  the  heaviest 
piece  to  be  transported.  Its  general  construction  and  method  of  opera- 
tion are  clearly  indicated  in  the  reproductions  of  photographs,  herewith. 
In  addition  to  its  principal  function  of  transporting  materials,  in  which 
service  it  gave  entire  satisfaction,  the  cableway  was  of  great  assistance 
in  the  erection  of  steelwork. 

The  falsework  for  the  northern  anchor-span  was  then  constructed, 
with  extension-bents  reaching  to  the  floor-level,  for  the  accommodation 
of  the  special  traveller  provided  for  the  erection  of  the  northern  half 
of  the  bridge.  As  this  traveller  was  to  be  used  on  the  top-chords  as 
well  as  at  the  floor-level,  its  four  trucks  (of  two  24-inch  double-flanged 
wheels  each)  were  spaced  24  feet  centre  to  centre  transversely,  the  same 
as  the  trusses,  and  50  feet  centre  to  centre  longitudinally,  to  coincide 
with  the  panel-points;  it  was  fitted  with  two  62-foot  booms  and  a  hoisting- 
engine;  and  its  entire  weight,  including  counterweight,  was  60  tons, 
equally  distributed  on  the  four  trucks.  To  provide  for  the  weight  of 
the  traveller  only,  when  moving,  the  top-chord  members  were  supported 
at  their  middle-point  by  temporary  timber  posts,  resting  on  special 
seats  at  panel-points  MS,  M5,  M7,  M9,  etc. 
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After  the  delay  incident  to  the  construction  of  (he  cableway,  and 
the  falsework  for  the  northern  anchor-span,  erection  of  steel  for  the 
northern  half  of  the  bridge  commenced  on  September  17th.  Beginning 
at  pier  3  (with  the  traveller  at  the  floor-level  and  working  towards 
abutment  4)  the  floor-system,  bottom-laterals  and  Lower  member-  of 
the  trusses  were  placed,  and  the  falsework-extensions  removed.  The 
traveller  was  then  blocked  up  to  the  height  of  the  top-chords,  requiring 
a  week  for  this  operation;  and  the  upper  part  of  the  steelwork  for  this 
anchor-span  was  erected,  working  from  abutment  4  towards  pier  3. 
When  the  traveller  had  passed  panel-point  £76,  an  additional  rocker- 
bent,  40  feet  high,  was  set  up  there  as  an  intermediate  support  for  the 
cables,  thereby  reducing  the  span  to  400  feet,  the  maximum  sag  to  22  feet, 
and  providing  ample  working  clearance  above  the  top  of  the  steelwork. 
The  cantilever-erection  of  the  northern  half  of  the  channel-span  was 
accomplished  in  the  same  manner  as  for  the  southern  half,  except  that 
the  members  were  placed  principally  by  the  special  traveller,  which 
required  temporary  timber  supports  at  the  centre  of  the  top-chord 
panels,  already  mentioned. 

From  the  time  of  placing  the  traveller  on  the  top-chords  to  within 
two  days  of  the  end  of  November,  when  the  weather  suddenly  turned 
severely  cold,  rapid  progress  had  been  made;  and  it  was  confidently 
expected  that  the  bridge  would  be  entirely  completed  before  the  end 
of  the  first  week  in  December.  Accordingly,  the  writer  was  instructed 
to  proceed  to  Kettle  Rapids  for  the  purpose  of  making  a  final  inspection 
of  the  bridge  and  to  supervise  the  adjustment  of  the  end  reactions.  On 
his  arrival  at  the  bridge-site,  December  8th,  the  work  was  still  held 
up;  but  it  was  found  that  the  centre  connections  at  L20  had  been  made, 
and  without  the  least  difficulty;  for,  on  meeting,  the  trusses  had  been  in 
perfect  alignment  and  the  deflections  of  the  cantilevered  arms,  exactly 
equal;  thus  it  had  only  been  necessary  to  jack  forward  on  its  rollers 
the  southern  half  of  the  structure,  which  had  purposely  been  set  back 
5  inches  to  facilitate  the  erection  of  the  closing  members.  On  the 
southern  half  of  the  bridge,  the  timber  floor  was  practically  complete; 
and  the  ties  had  been  roughly  distributed  over  the  northern  half,  except 
at  one  panel  adjacent  to  the  centre  of  the  channel-span,  where  the  stringers 
had  not  at  that  date  been  placed;  thus  the  structure  was  practically 
supporting  its  full  dead-load. 

Under  these  conditions,  careful  levels  were  taken  to  ascertain  the 
exact  deflections  of  the  trusses  or  main  girders,  with  results  as  shewn 
in  the  middle  diagram  on  plate  V.  It  will  be  noted  that  the  curves 
of  the  bottom-chords  are  remarkably  uniform;  and  it  was  a  great  source 
of  gratification  to  the  writer  to  find  that  the  centre  ordinate  was  exact  lv 
the  same  as  had  been  computed.  At  panel-point  U20,  the  distance 
between  the  ends  of  adjacent  chord-members  was  one  inch. 

399 


The  weather  having  moderated  slightly,  although  still  very  cold, 
work  on  the  bridge  was  resumed  December  16th;  for  it  was  hoped  that  it 
might  yet  be  possible  to  complete  it  this  winter.  On  the  22nd,  the  ends 
were  lifted  V/2  inches,  which  was  just  sufficient  to  bring  the  ends  of  the 
top-chords  at  1720  to  a  firm  bearing.  Owing  to  frequent  stoppages  due 
to  weather  conditions,  it  was  not  until  the  last  day  of  the  month  that 
the  ri vetting  of  the  main  members  was  completed,  and  jacking  of  the 
ends  was  resumed.  This  operation  was  again  interrupted  by  New 
Year's  day  (which  was  too  cold  to  work,  in  any  case);  but  the  ends  had 
been  raised  sufficiently  by  January  2nd  to  permit  of  placing  the  upper 
shoe-castings,  without  shims.  Although  the  ends  were  thus  1^  inches 
below  their  normal  position,  the  load  at  each  of  the  four  corners,  as 
indicated  by  the  gauges  on  the  hydraulic  jacks,  was  exactly  1183^  tons, 
the  amount  of  the  computed,  dead-load  reaction.  The  bridge  at  the 
time,  however,  was  covered  with  many  tons  of  ice  and  snow;  thus  it  was 
impossible  to  determine  very  accurately  the  reactions  for  the  normal 
dead-load. 

It  had  by  this  time  been  decided  to  give  up  the  attempt  to  complete 
the  bridge  during  the  winter  of  1917-18;  for  the  men  could  not  work  to 
advantage;  a  satisfactory  job  could  not  be  made  of  the  track-work; 
the  painting  could  not  be  done  until  the  advent  of  mild  weather;  and  the 
bridge  was  perfectly  safe.  A  final  adjustment  will  therefore  be  made 
under  more  favourable  conditions,  when  it  is  expected  that  the  ends 
will  require  to  be  raised  about  another  inch. 

With  the  ends  V>/%  inches  low,  levels  were  again  taken  on  the  bridge, 
with  the  satisfactory  results  indicated  in  the  lower  diagram  on  plate  V; 
for  the  camber  at  the  centre  of  the  channel-span  was  found  to  be  1J^ 
inches,  whereas  the  maximum  computed  deflection  due  to  the  specified 
live-load  is  1%  inches. 

The  closing  panel  of  stringers  was  placed  January  4th,  which  ended 
the  work  for  the  season.  The  remaining  work  comprises  a  small  amount 
of  ri  vetting  for  secondary  parts;  some  minor  adjustments;  the  completion 
of  the  timber  deck,  including  the  laying  of  the  rails;  and  painting. 

On  January  6th,  the  Superintendent  of  Erection  pulled  out,  with 
his  men  and  such  of  his  equipment  as  will  not  be  needed  to  finish  the 
bridge,  leaving  a  watchman  in  charge. 

SUBSTRUCTURE 

The  substructure  is  of  concrete  throughout,  composed  of  pit-gravel 
and  cement,  in  such  porportions  as  were  found  by  trial  to  give  the  best 
results.  It  had  been  intended  to  construct  at  least  the  abutment  and 
pier  on  the  southern  side  of  the  river  during  the  autumn  of  1916;  but 
the  track  did  not  reach  the  bridge-site  until  the  end  of  October;  cold 
weather  set  in  shortly  after,  and  there  was  barely  time  to  construct 
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the  foundation  for  abutment  1.  Excavation  for  this  foundation  was 
carried  to  a  depth  of  over  10  feet,  through  frozen  clay  and  silt,  to  the 
solid  rock.  The  concrete  was  placed  during  the  second  week  in  Decem- 
ber, and  in  very  cold  weather;  but  the  materials  had  been  heated,  the 
mass  was  large  and  the  result  was  entirely  satisfactory,  as  found  from 
a  careful  inspection  the  following  spring.  The  abutment  was  completed 
during  the  month  of  April,  1917. 

Operations  at  pier  2  were  begun  on  April  10th,  and  under  very  adverse 
circumstances;  for  the  river  wras  then  at  elevation  328.0,  or  10  feet  above 
the  average  rock-surface  at  this  point;  and  the  rock  was  covered  with 
a  solid  mass  of  ice,  25  feet  thick.  However,  it  was  necessary  to  get 
ahead  with  the  work  as  rapidly  as  possible;  so  the  ice  was  excavated, 
and  the  rock  was  bared  by  May  5th,  at  which  date  the  water  had  fallen 
to  elevation  325.0.  Although  the  ice-walls  of  the  exacavated  shaft 
appeared  to  be  perfectly  solid  throughout,  the  water  percolated  through 
and  stood  at  the  same  elevation  as  that  in  the  open  river-channel;  but 
it  was  perfectly  still,  without  current  or  surge.  A  timber  caisson, 
conforming  on  the  bottom  to  the  irregularities  of  the  rock-surface,  was 
then  constructed;  and  all  small  openings  therein  were  sealed  by  sheet- 
piling,  carefully  scribed  and  driven  so  as  to  broom  the  ends  thereof. 
Every  inch  of  the  rock-surface  inside  of  the  caisson  was  then  picked 
with  needle-bars,  to  insure  that  it  was  entirely  clear  of  ice;  and  heated 
concrete  was  deposited  by  deep-sea  buckets.  The  rock-surface  at  this 
pier  had  previously  been  carefully  examined  during  low  water,  and 
found  to  be  absolutely  sound;  thus  every  confidence  may  be  placed  in 
the  foundation.  The  footing  for  this  pier  was  completed  on  May  9th; 
the  construction  of  the  main  shaft  thereof  offered  no  difficulties,  and 
was  effected  without  incident. 

At  pier  3,  no  difficulties  incident  to  water  or  ice  were  encountered; 
or  work  at  this  point  was  not  started  until  June  29th;  but  there  was  a 
horizontal  fissure  in  the  rock  at  about  elevation  322.0,  which  necessitated 
blowing  up  by  dynamite  the  overlying  mass.  This  resulted  in  giving 
an  entirely  satisfactory  though  very  irregular  foundation,  to  which 
the  footing  for  the  pier  was  made  to  conform. 

Excavation  for  abutment  4  was  commenced  on  June  14th,  and  was 
carried  through  about  10  feet  of  frozen  clay,  silt  and  boulders  to  the 
solid  rock.     The  footing,  up  to  elevation  341.5,  was  completed  July  21st. 

The  pit-gravel,  used  throughout  on  this  work,  was  invariably  frozen 
and  required  to  be  thawed  by  steam;  thus  all  of  the  concrete  was  placed 
wTarm,  and  with  most  gratifying  results;  for,  on  removal  of  the  forms, 
not  a  single  bad  spot  was  discovered. 
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The  butterfly  wing-walls  of  the  abutments  were  reinforced  by 
twisted  steel  rods,  one  inch  square,  placed  3  inches  from  the  rear  surface. 
There  were  horizontals,  G  inches  apart,  wired  to  verticals,  3  feet  apart. 
In  addition,  two  such  rods  were  placed  along  the  upper  edge  of  the  wings. 

The  total  quantity  of  concrete  in  the  work  is  about  3000  cubic- 
yards;  and,  of  reinforcing  steel  in  the  wing-walls,  2300  lbs. 


The  laying  out  of  the  work  was  difficult  and  tedious,  owing  to  the 
irregularity  of  the  ground  and  to  the  necessity  of  locating  pier  3  by 
triangulation;  but  the  instrument-work  was  done  with  such  care  and 
precision  that  all  important  dimensions  and  distances  were  afterwards 
found  to  be  practically  exact.  In  locating  the  centre-line  of  bed-plates 
on  pier  2,  and  that  of  the  shoe-castings  on  pier  3,  where  great  accuracy 
was  desired,  the  piano-wire  method  of  measurement  was  used,  taking 
into  account  the  pull  on  the  ends  of  the  wire  and  the  corresponding  sag, 
as  determined  on  a  level  surface,  and  making  the  proper  correction  for 
temperature.  The  distance  between  centres  of  bearings  on  piers  2  and  3 
was  afterwards  found  to  agree  with  the  steel  structure,  as  built,  within 
5/16  inch.  It  had  been  specified  that  the  centre-line  of  the  expansion- 
shoes  should  coincide  with  that  of  the  corresponding  bed-plates  at  a 
temperature  of  30  degrees,  Fahrenheit;  and,  on  inspection,  with  the 
thermometer  at  zero,  the  centre-line  of  the  roller-shoes  at  pier  2  was 
found  to  be  exactly  \y±  inches  northerly  of  the  centre-line  of  the  bed- 
plates, instead  of  15/16  inch,  the  amount  of  contraction  in  the  steelwork 
in  400  feet  for  a  fall  in  temperature  of  30  degrees.  Thus  the  distance 
between  the  bearings  was  too  great  by  5/16  inch.  If  there  had  been  any 
appreciable  error  in  the  setting  of  the  bearings  on  these  piers,  it  could 
have  been  rectified,  as  provision  had  been  made  for  jacking-up  the  struc- 
ture, if  necessary;  but,  as  the  dead-load  reactions  here  are  about  500 
tons  each,  and  the  shoes  very  awkward  to  move,  any  such  adjustment 
after  erection  would  have  been  difficult  and  expensive. 

The  entire  work  has  been  under  the  general  supervision  of  Mr.  W.  A. 
Bowden,  M.  Can.  Soc.  C.  E.,  Chief  Engineer,  Department  of  Railways 
and  Canals,  Ottawa;  and  of  Mr.  J.  W.  Porter,  M.  Can.  Soc.  C.  E., 
Chief  Engineer,  Hudson  Bay  Railway,  The  Pas.  It  was  designed  in 
full  detail  by  the  writer,  who  has  been  retained  throughout  for  consult- 
ation in  connection  therewith.  The  superstructure  was  fabricated  and 
erected  by  The  Canadian  Bridge  Company,  Limited,  Walkerville, 
Ont.  Mr.  T.  B.  Campbell,  M.  Can.  Soc.  C.  E.,  Bridge  Engineer,  Hud- 
son Bay  Railway,  was  in  charge  at  the  bridge-site,  under  whose 
immediate  supervision  the  concrete-work  was  constructed,  and  by 
whom  all  lines  and  elevations  for  the  erection  of  the  steelwork  were 
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given;  Mr.  I.  E.  Mahon  was  the  Superintendent  of  Erection  for  the 
bridge  company;  and  Mr.  James  Carr,  Representative  of  the  Canadian 
Inspection  and  Testing  Laboratories,  Limited,  attended  to  the 
field-inspection.  The  entire  work  has  been  carried  out  without  Loss 
of  life  and  without   a  serious  accident. 

Great  credit  is  due  to  Messrs.  McDonald  Brothers,  for  the  excel- 
lence of  the  concrete-work;  to  Mr.  Campbell,  for  the  accuracy  of  his 
lines  and  elevations,  and  for  his  efficient  supervision;  to  the  engineers 
of  the  bridge  company,  for  their  splendidly-conceived  and  carefully- 
prepared  scheme  of  erection;  to  the  shops,  for  the  neatness  and  accuracy 
of  workmanship;  finally,  to  Mr.  Mahon,  for  his  skill  and  care  in  handling 
under  difficulties  this  important  and  somewhat  unusual  piece  of  erection- 
work. 


DISCUSSION 


Mr.  F.  P.  Shearwood,  M.E.I.C. — The  continuous  span  design,  adopted  Mr.  Shearwood 
by  Mr.  Thomson,  must  have  been  very  economical  compared  with  either 
simple  span  or  cantilever  construction,  but  looking  at  the  profile  of  the 
crossing,  the  reason  for  the  long  anchor  spans  is  not  evident,  and  if  these 
spans  could  have  been  reduced  by  about  100  feet  a  considerable  saving  in 
the  weight  of  steel  and  total  cost  of  the  bridge  would  have  been 
effected. 

An  unusual  and  good  feature  of  the  design  is  the  half  through  type. 
Placing  the  floor  near  the  neutral  axis  of  the  truss  instead  of  at  the 
upper  and  lower  chords,  has  among  other  advantages,  that  of  keeping  the 
longitudinal  stringers  in  the  position  where  the  changes  in  length  due  to 
stresses  in  the  chords,  are  zero.  It  also  facilitates  the  floor  beam  and  truss 
connections  by  placing  them  clear  of  one  another. 

The  adoption  of  the  H  and  I  shaped  sections  for  the  web  members 
simplifies  the  connections,  provides  the  best  form  of  diaphragms  to  equalize 
the  loading  of  the  inner  and  outer  material  of  the  members  as  well  as 
cheapening  the  manufacture.  It  is  mentioned  that  plates  are  used  to 
stiffen  the  outstanding  flanges  and  it  would  be  interesting  to  know  how  far 
apart  these  tie  plates  are  placed,  so  as  to  compare  it  with  the  spacing  adopte<  1 
on  the  tie  plated  columns  which  were  tested  and  condemned  by  the  A.R.C.  A . 
recently.  The  former  have  the  tie  plates  merely  as  secondary  stiffening, 
whereas  the  latter  relied  on  them  entirely  to  make  the  channels  act  together. 
The  contrast  in  spacing  may  show  that  the  columns  tested  by  the  A.R.E. 
should  have  had  the  tie  plates  placed  about  one  third  the  distance  apart  to 
represent  usual  practice  and  obtain  a  fair  result. 
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Mr.  Shearwood  The  paper  mentions  that  all  the  horizontal  loads  are  carried  by  the 

lower  lateral  bracing.  Sway  bracing  is  provided  at  every  vertical  and  the 
verticals  are  very  stiff  in  the  direction  required  to  resist  horizontal  forces. 
It  would  be  interesting  to  know  whether  the  author  considered  the  question 
of  omitting  them  and  really,  taking  all  upper  horizontal  forces  directly 
to  the  lower  laterals,  instead  of  merely  assuming  this  effect.  Top  laterals 
often  appear  to  be  superfluous  members,  in  fact  it  is  even  possible  that  they 
may  be  harmful. 

The  pier  members  have  an  ingenious  method  of  controlling  the  rollers 
which  should  certainly  be  effective  in  keeping  them  from  skewing  or  creep- 
ing. Past  experience  has  shown  that  this  is  very  necessary.  The  arrange- 
ment has  the  advantage  of  having  the  mechanism  exposed  for  inspection. 

The  design  for  the  cast  shoes  and  beds  is  unusual  in  having  a  box 
section  which  does  not  seem  to  have  the  metal  so  advantageously  distri- 
buted to  resist  the  leading  as  the  usual  open  ribbed  types.  It  has  also  the 
disadvantage  of  more  difficult  moulding. 

The  erection  scheme  is  interesting  and  proved  very  successful,  but  why 
was  it  necessary  to  carry  the  traveller  on  extended  falsework  to  the  main 
pier  so  as  to  lay  the  lower  chord,  and  then  elevate  it  to  the  upper  chord 
height,  instead  of  at  once  starting  off  at  the  upper  chord  height  to  assemble 
the  whole  truss  and  falsework  as  it  travelled  out  from  the  abutment  towards 
the  main  pier  ? 


Mr.  Butler  Mr.  M.  J.  Butler,  C.  M.  G.,   M.   E.   I.   C— Mr.  Thompson  has 

contributed  an  interesting  and  valuable  paper  on  an  important  bridge. 

The  railway  in  question  is,  however,  one  that,  in  my  opinion,  ought 
not  to  have  been  built  by  the  Government  of  Canada.  It  was  entered 
upon  at  a  time,  when  the  resources  of  the  country  were  under  severe 
strain  due  to  the  construction  of  the  Grand  Trunk  Pacific  and  the  liabilities 
incurred  by  the  guarantees  given  to  the  Canadian  Northern  System. 

Aside  from  the  financial  reason  for  not  going  on — no  information  of  a 
reliable  character  existed  as  to  the  navigation  possibilities  of  the  Hudson 
Bay  route.  All  the  data  available  seemed  to  point  to  the  fact,  that  a 
possible  2]4  months  might  be  had  on  the  average — but,  until  a  systematic 
study  over  a  period  of  several  years  it  would  seem  to  have  been  wise  and 
prudent  to  wait.  Whether  the  actual  period  of  reasonably  safe  navigation 
is  two  months — as  I  understand  the  information  available — or  four 
months,  as  I  have  heard  estimated — the  question  of  securing  ships  for 
such  a  route  has  not,  I  feel  sure,  been  dealt  with. 

The  information  given  in  the  paper,  that  there  is  along  the  line, 
"a  valuable  territory,  rich  in  minerals,  fish  and  pulp  wood  and  of  great 
agricultural  possibilities,"  is  certainly  very  important,  if  true. 
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I  understand  that  the  route  is  over  a  barren,  sub-arctic  tundra    -with  Mr.  Hutler 
no  land  fit  for  settlement     that  any  spruce  found  along  the  line  is  scrub  of 
no  commercial  value.      The  minerals, — it  would  be  very  interesting  to 

learn  what  they  arc  and  where  located. 

I  am,  of  course,  well  aware,  that  the  North  West  believes  in  the  Hudson 
Bay  route — and  that  the  undertaking  owes  its  existence  to  pressure  on  the 
Government  from  that  part  of  the  country.  I  only  hope  that  their  san- 
guine expectations  may  be  realized. 

I  have  read  with  interest  the  reasons  which  actuated  Mr.  Thompson 
in  selecting  a  continuous  truss  and  agree  with  him  -that  the  labour  of 
computing  the  stresses  is  not  an  important  matter.  The  design  and  details, 
both  of  manufacture  and  erection  seem  to  me  very  good  and  reflect  great 
credit  on  all  concerned. 

I  assume  that  there  is  a  general  agreement  that  the  assumptions 
upon  which  the  elastic  theory  are  based,  viz.  a  constant  modulus  of  elasti- 
city and  a  constant  moment  of  inertia,  do  not  in  fact  exist.  That  certain 
approximate  methods  which  have  been  developed  check  sufficiently  with 
the  "elastic  theory' '  to  re-assure  the  designer — that  he  is  about  as  near 
right  as  is  necessary  to  secure  a  safe  structure.  Too  much  refinement  in 
bridge  calculation,  seems  out  of  place.  The  increasing  wheel  loads  of 
locomotive  and  rolling  stock,  demand  that  bridges  be  built  adequate  for 
all  reasonable  increase  in  weight. 


Mr.  Geo.  F  Porter,  M.E.I.C  — I  wish  to  congratulate  Mr.  Thomson  Mr.  Porter 
on   the   capable    piece   of   wrork  he  has  presented  to  the  Institute  this 
evening.     His  remarks  in  regard  to  the  use  of  continuous  girders  where 
such  conditions  exist  as  in  the  present  instance,  are  very  well  taken. 

There  has  been  a  very  strong  prejudice  in  the  minds  of  American 
engineers  against  their  use  for  fixed  spans,  while  the  usual  type  of  draw 
bridge  has  of  necessity  been  of  this  type.  The  fact  of  continuity  has 
seldom  been  the  cause  of  trouble  except  in  cases  where  the  foundations 
wrere  poor  and  settlement  took  place. 

1  would  like  to  ask  Mr.  Thomson,  who  has,  no  doubt,  looked  into  the 
matter  carefully,  whether  the  saving  of  masonry  due  to  the  placing  of  the 
floor  well  above  the  bottom  chord,  thus  making  necessary  the  introduction 
of  bottom  struts  and  sway  bracing  beside  special  provision  for  traction 
strusses,  really  proved  to  be  economical. 

Mr.  W.Chase  Thomson,  M.E.I.C  —Replying  to  Mr.  Shearwood :— A  Mr.  Thomson 
preliminary  design  for  the  bridge  had  side  spans  of  200  feet,   but    was 
subject    to    uplift  at  the  ends,  with  consequent  hammering.     Counter- 
weighting,  to  overcome  the  uplift  induced  by  the   live-load,    was   con- 
sidered, and  would,  no  doubt,  have  been  a  satisfactory  solution  of  the 
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Ir.  Thomson  problem,  as  this  scheme  was  later  adopted  in  connection  with  the  new 
continuous-span  bridge  over  the  Allegheny  River,  described  inEngineering 
News-Record,  May  2,  1918.  Side  spans  of  300  feet  were  finally  adopted 
principally  because  it  was  considered  advisable  to  provide  the  wider 
water-way,  which  latter  will  be  restricted  by  a  rock-fill  embankment  at 
the  north  end  of  the  structure. 

The  supplementary  tie-plates  on  the  principal  compression  diagonals 
are  spaced  about  7  feet  centres:  they  are  about  21  inches  long,  with  five 
rivets  on  each  side. 

Top  laterals  may  be  superfluous  in  the  completed  structure,  although 
it  is  difficult  to  see  how  they  can  be  harmful.  In  this  instance,  their  chief 
function  is  to  hold  the  chords  in  alignment,  which  might  otherwise  have  a 
tendency  to  kink  at  the  joints.  In  the  Quebec  Bridge,  which  has  no  top 
laterals,  the  upper  chords  are  in  tension  throughout  the  anchor  spans  and 
cantilever  arms. 

The  idea  in  adopting  the  box  section  for  the  cast  shoes  was  to  secure  the 
best  possible  distribution  of  the  load  over  the  masonry.  With  the  open- 
ribbed  type,  the  edges  of  the  bottom  plate  cannot  be  so  well  supported. 

Replying  to  Mr.  Butler : — Although  the  writer  has  no  brief  to  defend 
the  Hudson  Bay  Railway,  he  is  of  the  opinion  that  the  undertaking  is  less 
foolish  than  that  in  connection  with  many  other  lines  which  have  been 
constructed  during  recent  years;  moreover,  there  are  many  who  believe 
it  will,  when  completed,  fulfil  its  original  function: — to  help  in  the  shipment 
of  grain  to  Europe.  It  has  been  pretty  well  demonstrated  that  the  Straits 
can  be  navigated  not  less  than  four  months  during  the  year,  and  it  is 
hoped  that  this  period  may  be  extended  to  six  months.  The  muskeags, 
which  are  so  numerous,  are  generally  only  a  few  feet  deep,  and  overlie  a 
clay  formation;  when  drained,  they  should  be  exceedingly  fertile.  Along 
the  embankments,  the  writer  has  seen  splendid  specimens  of  oats  and 
timothy,  which  had  sprung  up  from  seed  accidently  spilt;  and  several 
of  the  section-men  have  raised  excellent  vegetables.  The  lowest  tempera- 
ture thus  far  officially  recorded,  between  The  Pas  and  Port  Nelson,  is  49 
below  zero,  whereas  60  below  is  quite  common  in  districts  growing  the 
best  wheat. 

Great  accuracy  in  the  determination  of  stresses  may  not  be  necessary ; 
but  it  is  important  to  note  that  the  usual  formulae  developed  from  the 
elastic  theory  are  entirely  reliable,  especially  when  applied  to  girders  of 
uniform  depth.  As  stated  in  the  text  of  the  paper,  the  reactions  derived 
from  formulae  applying  to  beams  of  constant  moment-of-inertia  had  been 
checked  by  the  more  exact  method  of  deflections,  with  practically  identical 
results;  moreover,  the  measured  deflections  of  the  structure  and  the  scaled 
reactions  compare  very  closely  with  the  calculated  amounts.  As  is  well 
known,  the  modulus-of-elasticity  for  structural  steel  is  one  of  its  most 
reliable  and  constant  properties.     Considering  the  observed  facts,   Mr. 
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Butler's  remark  about  "certain  approximate  methods  which  check  suf-  Mr  Thomaoo 

ficiently  with  the  elastic  theory  to  reassure  the  designer  that  he  is  about  as 

near  right  as  necessary  to  secure  a  safe  structure"  is  somewhat  misleading; 

for  there  can  be  no  doubt  that  the  calculated  stresses  for  continuous-girder 

bridges  are  quite  as  reliable  as  those  for  so-called  simple-span  bridges.  In 

both  cases,  there  is  far  greater  uncertainty  regarding  the  actual  live-load 

and  impact. 

In  compliance  with  the  expressed  wish  of  the  meeting  before  which  the 
paper  was  read,  plates  VI  and  VII,  covering  typical  structural  details, 
have  been  added.  These  details  have  been  designed  with  a  view  to 
economy  compatible  with  strength.  All  joints  are  fully  rivetted  for  the 
full  value  of  the  connected  parts.  The  use  of  outside  splice-plates  where 
the  main  diagonals  are  attached  to  the  gusset-plates,  at  upper  panel-points 
2,  6,  10,  14  and  18,  and  at  lower  panel-points  4,  8,  12,  16  and  20,  has  the 
double  advantage  in  permitting  the  use  of  comparatively  small  gusset- 
plates,  with  short  rivetted  connections.  At  all  middle  panel-points,  and  at 
lower  panel-points  2,  6,  10,  14  and  18,  the  gusset-plates  are  only  %  inch 
thick,  but  of  ample  strength  to  resist  the  stresses  transmitted  thereto  by  the 
hangers  and  sub-diagonals;  and  the  remaining  splice  materials  are  just  of 
sufficient  width  to  conform  to  the  dimensions  (in  elevation)  of  the  main 
members.  Owing  to  the  large  area  of  these  gusset-plates,  this  arrangement 
results  in  a  very  considerable  saving  of  metal.  At  upper  panel-points  10 
and  14,  the  gusset-plates  are  of  sufficient  size  and  thickness  to  resist  the 
vertical  and  horizontal  shears  acting  thereon.  Owing  to  the  slight  bevel 
in  the  chords  at  lower  panel-points  12  (1/64  inch  in  one  foot),  the  gusset- 
plates  extend  below  the  chords  3^  inch,  with  bottom  edges  planed  straight 
to  bear  upon  the  shoe  casting;  furthermore,  additional  bearing  area  is 
provided  by  using  tapered  fillers  under  the  bottom  flange-angles  of  the 
chords,  as  shewn  on  the  detail  drawing  of  the  large  shoe,  plate  IV,  the  load 
being  transmitted  to  these  bottom  flange-angles  by  the  outside  splice- 
plates  which  are  ground  to  bear  thereon,  and  in  which  additional  rivets  are 
provided,  over  and  above  the  number  required  for  their  proportion  of  the 
bottom-chord  stress. 

The  bridge  was  completed  and  the  end  bearings  were  finally  adjusted 
on  June  10,  1918.  Without  any  shims,  the  deadload  reaction  at  all  four 
corners  exceeded  the  computed  amount  (118.5  tons)  by  exactly  5  tons,  or 
about  4%,  which  was  considered  entirely  satisfactory.  Thus  the  ends 
remain  one  and  five-eights  inches  below  the  normal;  and  the  lower  diagram 
on  plate  V  represents  the  actual  form  of  the  completed  structure,  when 
unloaded.  This  is  as  might  have  been  expected;  for  the  cantilever  erection 
of  the  channel-span  naturally  tended  to  increase  the  length  of  the  top 
chords  throughout,  resulting  in  lowering  the  ends, — though  but  slightly. 

Although  the  winter  of  1917-18  was  the  most  severe  of  any,  along  the 
line  of  the  Hudson  Bay  Railway,  according  to  official  records,  the  maximum 
height  of  water  and  ice-peaks  at  Kettle  Rapids,  due  to  the  jam,  only 
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Mr.  Thomson  exceeded  previous  records  by  five-tenths  of  a  foot.  Thus  there  can  be  no 
doubt  that  the  clear  distance  of  15  feet  between  the  bottom  chords  and  the 
previously-recorded  maximum  elevation  of  ice-peaks  is  more  than  ample  to 
provide  for  all  contingencies. 

Replying  to  Mr.  Porter: — The  additional  steelwork  necessitated  by 
the  placing  of  the  floor  above  the  bottom  chords  is  principally  included  in 
the  bottom  struts;  and  the  entire  additional  weight  of  steel  due  to  this 
arrangement  is  only  about  75,000  lbs.  which,  at  the  contract  price  of  7.15c, 
amounts  to  $5362.50.  This  does  not  take  into  account  the  lower  sway- 
bracing,  which  would  otherwise  be  offset  by  deeper  overhead  sway-bracing; 
nor  the  inclined  struts,  in  the  plane  of  the  trusses,  which  are  necessary  for 
stiffening  the  vertical  members  at  panel-points  4,  8,  12,  etc.  The  saving 
of  concrete  effected  is  about  350  cu.  yds.  which,  at  the  cost  of  $15.00  per 
cu.  yd.,  in  place,  is  equivalent  to  $5250.00.  Thus  the  cost  of  the  extra 
steel  is  almost  exactly  balanced  by  the  saving  of  masonry.  But  the  plan 
adopted  has  the  advantage  of  keeping  the  floorbeam  connections  clear  of  all 
panel-points,  thus  greatly  simplifying  the  details;  the  application  of  the 
floorbeam  concentrations  to  the  verticals  at  a  considerable  distance 
from  the  end  connections  of  the  latter  insures  a  much  better 
distribution  of  stress  among  the  component  parts  of  the  main  truss- 
members;  finally,  the  location  of  the  track-stringers  near  the  neutral-axis 
of  the  main  girders  obviates,  largely,  the  usual  racking  on  the  stringer 
connections,  due  to  the  change  in  length  of  the  chords  under  the  action  of 
the  liveload.  In  addition  to  these  advantages,  it  was  desired  to  provide 
girders  over  the  piers,  strong  enough  for  jacking  up  the  structure  in  case  of 
necessity;  and  the  depth  of  the  ordinary  floorbeams  was  insufficient  for 
this  purpose.  Moreover,  the  arrangement  permitted  of  placing  the  end 
floorbeams  underneath  the  stringers,  thus  obviating  the  necessity  of  brac- 
kets for  carrying  the  floor-ties  adjacent  to  the  ballast  walls. 

In  conclusion,  the  writer  desires  to  express  his  thanks  to  the  gentle- 
men who  have  taken  part  in  the  discussion  of  this  paper  for  their  general 
approval,  so  kindly  expressed. 
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Fig.  1 : — Abutment  1  under  construction. 


Fig.  2: — Pier  2  under  construction. 
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Fig.    3: — Southern   anchor-span   erected;   and   beginning   of   cantilever- 
erection,  shewing  temporary  supports  for  panel-points  L14. 


Fig.  4 : — Southern  half  of  bridge  erected. 
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Fig.  5: — Falsework  under  construction  for  northern  anchor-span. 


Fig.  6: — View  of  cableway;  and  beginning  of  erection  of  northern  anchor- 
span,  with  traveller  at  floor  level. 
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Fig.  7 : — View  from  top  of  cableway-tower. 


Fig.  8; — Lower  steelwork  for  northern    anchor-span    erected ;_  .traveller 
raised  on  blocking,  for  working  on  top  chords. 
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Fig.  9: — View  shewing  cableway  with  its  equalizing-girder;  derrick-car 
on  southern  cantilever;  traveller  on  top-chords  of  northern  anchor- 
span. 


Fig.  10: — Northern  anchor-span  erected,  also  100  feet  of  adjacent  canti- 
lever.    Note  additional  rocker-bent  at  UQ  for  supporting  cables. 
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Fig.  11: — View  of  bridge  from  south  shore  before  cableway  and  traveller 
had  been  dismounted.  Note  that  the  lower  members  of  the 
portal-struts  and  sway-bracing  are  missing:  they  were  omitted 
temporarily  for  the  accommodation  of  the  derrick-car. 
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Fig.  12: — General  view  of  bridge,  taken  from  the  south  shore  and  looking 
up-stream. 
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400  lbs  per  lineal  foot,  applied  8  ft.  above  base  of  rail,  considered  as  moving  load. 
Tension,  16.000  lbs  per  sg.  in;  Compression,  Ww + 1  *  Je%00  Ibs.per  sq.  in. 
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CHAMPLAIN  DRY  DOCK  FOR  QUEBEC  HARBOUR 
By  U.  VALIQUET,  M.E.I.C. 

Superintending  Engineer  Department  of  Public  Works. 
(Read  at  Montreal  and  Ottawa  Branches  April  25th,  1918). 

For  a  number  of  years  the  River  St.  Lawrence  has  been  frequented 
by  ocean  steamers  of  such  dimensions  that  they  could  not  be  accom- 
modated in  the  Lome  Dry  Dock,  completed  in  1886,  at  Lauzon,  in  the 
Harbour  of  Quebec. 

In  1906  the  Canadian  Pacific  Railway  Steamship  Company  brought 
out  their  steamers  "Empress  of  Britain"  and  "Empress  of  Ireland", 
of  65-foot  beam;  the  Allan  Line  steamers  "Virginian"  and  "Victorian" 
of  60-foot  beam  were  also  placed  on  the  St.  Lawrence  route  in  that  year. 
The  "Bavarian"  of  somewhat  narrower  beam,  59  feet  3  inches,  came  to 
Quebec  in  1905;  thereafter  the  number  of  large  ships  placed  on  the 
St.  Lawrence  traffic  increased  rapidly  until  in  1912,  there  were  25  vessels 
that  could  not  have  been  repaired  in  the  long  stretch  of  the  St.  Lawrence 
navigation  for  want  of  sufficient  dock  accommodation,  the  width  of 
entrance  of  the  present  dry  dock  being  only  62  feet.  Any  of  these 
vessels  that  required  docking  had  to  be  repaired  temporarily  as  well  as 
possible,  while  afloat,  and  taken  either  to  Halifax  or  New  York,  which,  in 
some  cases,  was  a  risky  undertaking. 

The  case  of  the  S.  S.  "Bavarian"  was  an  unfortunate  experience  in 
this  respect.  On  the  5th  November  1905,  this  steamer  ran  aground 
with  a  full  cargo  from  Montreal  and  Quebec,  about  40  miles  below  Quebec, 
opposite  Grosse  Isle;  although  late  in  the  fall  she  could  have  been 
raised  and  brought  to  Quebec  had  there  been  dock  accommodation  for 
her.  Her  beam  was  59-3",  but  through  the  accident  her  sides  had 
bulged  out  beyond  the  width  of  the  dry  dock  entrance.  She  was  raised  in 
the  following  spring,  although  further  damaged  by  ice  during  the  winter, 
and  brought  on  the  beach  a  short  distance  below  the  dry  dock,  where  she 
was  sold  as  scrap.  This  is  the  worst  case  on  record  in  the  history  of  the 
St.  Lawrence  navigation.  This  vessel  was  only  six  years  old  and  of  a 
registered  tonnage  of  10,387  tons. 
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In  the  summer  of  1898  the  writer  was  instructed  to  prepare  a  report 
on  the  practicability  of  widening  the  entrance  of  the  Lome  Dry  Dock, 
which  had  been  completed  in  1886.  A  plan  was  submitted,  showing  the 
possibility  of  obtaining  an  entrance  70  feet  wide,  by  removing  part  of 
the  timber  slides  at  the  outer  end  of  the  dock;  increasing  the  length  was 
also  suggested.  The  first  was  reported  to  be  inadvisable  as  it  would 
greatly  disfigure  the  dock  and  do  away  with  the  convenience  of  the 
timber  slides;  the  only  feasible  way  would  be  to  remove  and  rebuild  in 
another  position  the  eastern  side  wall,  thus  depriving  the  harbour  of 
all  dock  accommodation  for  probably  two  seasons.  A  new  caisson 
wold  necessarily  have  to  be  provided;  the  cost  would  have  been 
considerable.  Further,  it  was  considered  that  a  new  dry  dock  would 
be  required  in  Quebec  before  many  years. 

The  suggestion  of  lengthening  the  dock  was  adopted;  the  length 
was  increased  from  484  feet  to  600  feet;  this  consisted  merely  in  moving 
the  circular  head,  stairways  and  timber  slides  116  feet  further,  after 
excavating  the  rock  to  proper  width  and  depth.  The  work  was  performed 
under  contract  awarded  in  the  year  1900,  for  the  sum  of  $100,000.00, 
and  completed  in  1901  without  interfering  with  the  use  of  the  dock. 
The  details  of  construction  of  this  dry  dock  have  already  been  described 
in  a  paper  read  before  the  Canadian  Society  of  Civil  Engineers  some 
years  ago,  by  Mr.  St.  George  Boswell,  Chief  Engineer  of  the  Quebec 
Harbour  Commission,  who  was  assistant  engineer  during  the  con- 
struction. This  dry  dock  was  built  by  the  Quebec  Harbour  Commis- 
sioners under  an  Act,  38  Vict.  Cap.  56-1875,  by  which  the  issue  of  bonds 
was  allowed  to  obtain  the  necessary  amount.  The  work  was  started  in 
1878  and  completed  in  1886  at  a  total  cost  of  $921,130. 

In  1888  the  Canadian  Government  relieved  the  Harbour  Commission 
of  all  obligations  to  refund  the  principal  sum  or  interest  expended  on  the 
dry  dock  and  in  1890  it  was  placed  under  the  control  of  the  Department 
of  Public  Works,  the  writer  was  then  placed  in  charge. 

NEW  DRY  DOCK 

In  1906  the  Quebec  Board  of  Commissioners  urged  upon  the  Govern- 
ment the  necessity  for  a  large  dry  dock  for  the  harbour  of  Quebec.  In 
the  fall  of  the  same  year  the  writer  was  instructed  to  make  a  survey  of 
the  locality  surrounding  the  old  dry  dock  and  report  on  the  best  location. 
Two  sites  were  examined,  but  the  position  to  the  east  of  the  present 
dock  was  considered  the  most  advantageous  for  three  principal  reasons: 

A  larger  area  of  land  could  be  acquired. 

A  better  foundation  could  be  obtained. 

The  repairing  plant  of  Messrs.  G.  T.  Davie  &  Sons  could  have 
better  access  to  both  the  new  and  old  docks. 
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A  plan  and  report  were  submitted  in  the  early  part  of  1907;  the  dock 
then  proposed  was  1000  feet  long  with  an  entrance  width  of  100  feet. 

The  proposition  was  not  immediately  acted  upon;  the  question 
as  to  whether  the  Government  should  build  the  dock  or  induce  some 
shipbuilding  firm  to  build  it  under  a  subsidy  from  the  Government  was 
unsettled.  The  result  of  the  discussion  was  the  passing  of  an  Act  of 
Parliament  at  the  session  of  the  year  1910,  assented  to  on  the  4th  May, 
called  an  Act  to  Encourage  the  Construction  of  Dry  Docks. 

Under  this  Act  the  dry  docks  were  divided  into  three  classes.  The 
first  class  included  dry  docks  estimated  to  cost  not  more  than  four  million 
dollars,  and  capable  of  receiving  and  repairing  the  largest  ships  of  the 
British  Navy  and  of  the  following  dimensions: 

(a)  Clear  length  on  bottom  900  feet;  clear  width  of  entrance  100 
feet,  with  depth  on  sill  at  high  water  ordinary  spring  tides  of  35  feet. 

(b)  Floating  dry  docks  of  a  lifting  capacity  of  25,000  tons. 

The  second  class  included  dry  docks  estimated  to  cost  two  and  one 
half  million  dollars  of  the  following  dimensions: 

(a)  Clear  length  on  bottom  650  feet;  clear  width  of  entrance  85 
feet;  depth  of  water  on  sill  at  ordinary  high  water  spring  tides  30  feet, 
if  in  tidal  waters;  or  25  feet  on  sill,  if  constructed  in  non-tidal  waters. 

(b)  Floating  dry  docks  of  a  lifting  capacity  of  15,000  tons. 

The  third  class  consisted  of  dry  docks  estimated  to  cost  not  more 
than  one  and  one-half  million  dollars,  of  the  following  dimensions: 

(a)  Clear  length  on  bottom  400  feet;  clear  width  of  entrance  65 
feet;  depth  of  water  on  sill  at  ordinary  high  water  spring  tides  22  feet, 
if  in  tidal  waters;  and  18  feet,  if  in  non-tidal  water. 

(b)  Floating  dry  docks  of  a  lifting  capacity  of  3,500  tons. 

The  estimated  cost  in  all  cases  includes  the  totally  equipped 
repairing  plant  capable  of  effecting  all  sorts  of  repairs,  including  machine 
shops  and  tools,  foundry,  administration  buildings,  etc.,  together  with 
the  dock  itself,  but  does  not  include  marine  slips  or  other  installation 
used  in  the  construction  of  ships. 

According  to  the  Act,  the  subsidy  on  dry  docks  of  the  first  class 
is  3£  per  cent  per  annum  on  the  estimated  cost  for  a  period  of  35  years 
from  the  time  it  has  been  reported  that  the  dry  dock  is  entirely 
completed.  The  subsidy  on  the  second  class  is  3|  per  cent  per  annum  for 
25  years  from  the  time  of  completion.  On  the  third  class,  the  subsidy  is 
3  per  cent  for  a  period  not  exceeding  20  years  from  the  time  of  completion. 

In  all  cases  the  Company  making  the  application  must  furnish  plans 
with  a  detailed  list  of  the  plant  and  a  complete  estimate  of  the  cost. 
These  are  revised  and  corrected,  if  found  advisable;  and,  upon  a  report 
from  the  Chief  Engineer  of  the  Department  of  Public  Works  that  the 
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works  intended  to  be  built  are  in  the  public  interest,  the  application  is 
granted  upon  certain  conditions  of  management  and  maintenance.  The 
works  are  to  be  executed  under  the  superintendence  of  an  officer  of  the 
Department. 

The  above  Act  was  amended  in  April  1912,  by  making  the  length 
of  the  first  class  dry  docks  1150  feet,  the  entrance  110  feet  and  the 
estimated  cost  five  and  a  half  millions. 

Another  amendment  was  made  in  May  1914,  by  which  the  subsidy 
of  four  per  cent  on  the  estimated  cost  is  allowed  for  first  class  dry 
docks. 

The  Act  was  further  amended  in  1917,  by  which  the  dimensions  of 
the  first  class  dry  docks  shall  be:  length  on  bottom  1150  feet;  width 
of  entrance  125  feet;  depth  on  sill  at  high  water  spring  tides  38  feet.  A 
subsidy  of  4§  per  cent  on  the  estimated  cost  of  five  and  a  half  million 
dollars  is  allowed,  payable  half-yearly  for  a  period  of  35  years  from  the 
time  of  completion.  By  this  amendment  no  bonds  or  debentures  are  to 
be  issued  until  one  million  dollars  shall  have  been  expended  on  the 
construction  of  the  dry  dock. 

After  the  passing  of  the  Act  of  1910,  shipbuilding  firms  were  invited 
to  build  a  dry  dock  at  Lauzon,  in  the  Harbour  of  Quebec,  under  the 
subsidy  Act  of  that  year.  Two  companies  submitted  plans  and  offered 
to  build  under  contract  without  reference  to  the  subsidy  Act.  In  1912 
another  company  submitted  plans  for  a  dry  dock  to  be  built  on  the 
Quebec  side  of  the  harbour,  just  below  the  mouth  of  the  St.  Charles 
River,  according  to  the  subsidy  Act,  as  amended  in  1912.  Some 
objection  having  been  made  to  this  location  and  with  no  prospect  in  view 
for  any  other  applicant,  the  Department  of  Public  Works  decided  that 
a  dry  dock  would  be  built  by  the  Government. 


THE  NEW  DOCK 

In  the  early  part  of  1913  the  writer  was  instructed  to  prepare  plans 
and  specifications  on  which  tenders  could  be  called  as  soon  as  possible 
for  the  construction  of  the  new  dry  dock,  the  location  being  to  the  east- 
ward of  the  Davie  Shipbuilding  yard,  so  that  both  the  old  and  new  dry 
docks  would  be  easily  accessible  from  the  shops. 

Tenders  for  the  construction  of  this  work  were  advertised  on  the 
12th  May  1913,  to  be  received  on  the  30th  June  following.  The  contract 
was  awarded  to  the  lowest  tenderers,  Messrs.  M.  P.  &  J.  T.  Davis. 
The  contract  was  signed  on  the  7th  October,  1913. 
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The  new  dock  was  at  first  intended  to  be  built  on  a  line  parallel 
to  the  old  dry  dock,  but  this  was  objected  to  from  the  point  of  view  of 
navigation.  A  commission  was  appointed  in  the  fall  of  1913  to 
investigate  and  find  out  which  direction  would  best  suit  the  entrance 
facilities,  and  it  was  decided  that  the  centre  line  of  the  dock  should  form 
an  angle  of  69°  with  the  direction  of  the  old  dry  dock,  or  approximately 
45°  N.  E.  and  it  was  so  laid  out.  I 

Owing  to  the  limited  time  available  before  the  calling  of  tenders, 
general  plans  only  were  prepared,  together  with  an  estimate  of  the  cost. 
The  requirements  as  to  details  for  the  machinery  and  caissons  were 
stated  in  the  specification;  the  contractors  were  requested  to  furnish 
during  construction  all  detail  plans,  to  be  submitted  for  approval  by 
the  Department. 

The  dry  dock  has  the  following  general  dimensions.  Total  length 
from  outer  caisson  to  head  wall  1150  feet,  divided  into  two  compartments. 
Outer  part  500  feet:  Inner  part  650  feet. 

Width  of  entrance 120    feet. 

Width  at  coping 144      " 

WTidth  on  floor 105      " 

Depth  on  sill  at  high  water  S.T.. 40      " 

Depth  on  sill  at  low  water,  S.T 22      " 

Sprmg  tides  rise 18      " 

Coping  of  side  wall  above  high  water  S.T 7      " 

Floor  at  outer  end  below  outer  sill 4|     " 

Slope  of  floor  transversely 1  in  100. 

Western  guide  pier 400    feet. 

Eastern  guide  pier 500      " 

Depth  in  entrance  channel  at  low  tide 30      " 

The  land  expropriated  in  connection  with  the  construction  of  the  dry 
dock  has  a  superficial  area  of  25£  acres,  of  which  11^  acres  are  reclaimed 
beach  land. 

The  outer  entrance  of  the  dock  is  closed  with  a  rolling  caisson,  the 
top  of  which  is  provided  with  an  automatic  folding  bridge;  a  floating 
caisson  closes  the  inner  entrance.  This  caisson  can  also  be  placed  to 
close  the  outer  entrance  in  cases  when  repairs  are  required  to  be  made 
to  the  rolling  caisson. 

Three  main  centrifugal  pumps  each  of  63,000  gallons  per  minute 
capacity  are  used  to  empty  the  dock;  two  pumps  of  6,000  gallons  per 
minute  each  are  used  to  keep  the  dock  dry.  All  pumps  are  run  by  electric 
power.  Eight  boilers  of  a  total  capacity  of  3,600-horse-power  furnish 
the  steam  at  200  lbs.  pressure  to  run  the  three  direct  current  turbo 
generators  of  1,500,  750  and  300  kilowatts  respectively,  which  furnish 
the  current  at  550  volts  to  run  the  pump  and  other  motors. 
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A  direct  current  generator  of  100  kilowatts  at  220  volts,  driven  by 
a  steam  engine,  will  furnish  the  current  for  the  lamps  around  the  dock 
and  in  the  buildings.  There  are  24  lamps  of  500  watts,  hung  from  poles 
around  the  dock.  The  poles  are  made  of  gas  pipe,  with  the  lower  end 
set  into  sockets  fitted  with  electric  connections,  and  made  removable 
in  case  of  necessity.  All  electric  wiring  for  lamps  and  motors  outside 
of  the  buildings  is  placed  underground. 

The  approximate  quantities  of  the  materials  in  the  principal  items 
entering  into  the  construction  are: 

Rock  excavation  above  and  below  coping 342,000  c.  yds. 

Submarine  rock  excavation  in  channel 65,000       " 

Dredging  entrance  channel 530,000       " 

Concrete 100,000 

Granite  steps,  altars  and  quoins 140,000  c.  ft. 

Steel  beams,  reinforcing  bars  and  manhole  covers..  . .  150,000  lbs. 

Cast  iron  for  roller  casings  and  sluice  valves 125  tons. 

Cast  steel  for  caisson  rollers 65      " 

Gun  metal  for  caisson  roller  and  valves 4,500  lbs. 

Cast  iron  in  keel  blocks  and  bollards 990  tons. 

Forged  steel  spindles  for  rollers 11,000  lbs. 

Bricks  for  chimney  and  flues 345,000 

Fire  bricks 125,000 

Cribwork  in  approach  piers 63,300  c.  yds. 

Concrete  in  approach  piers 13,300       " 

Steel  in  rolling  caisson 930  tons. 

Total  weight  in  rolling  caisson  and  machinery 1,125      " 

Steel  in  floating  caisson 960      " 

The  work  was  started  in  May  1914.  The  concrete  retaining  walls 
on  each  side  of  the  dock,  specified  to  be  built  from  the  natural  rock 
surface  to  elevation  +24  and  intended  to  prevent  seepage  through  the 
filling,  were  completed  during  the  season's  work,  as  well  as  the  cofferdam 
between  the  outer  ends  of  these  walls.  Rock  drilling  in  the  prism  of  the 
dock  was  also  carried  on  in  the  part  not  affected  by  tides.  The  largest 
part  of  the  drilling  was  done  by  two  well  drillers,  the  holes  being  sunk 
down  to  grade  and  plugged  for  future  blasting.  The  average  depth  of 
perforation  for  each  drill  was  about  80  feet  per  day,  although  as  much 
as  130  feet  was  done  occasionally.  Ten  or  twelve  ordinary  steam 
drills  were  also  used  on  the  work. 

The  rock  consisted  of  hard  shale,  irregularly  stratified,  at  an  angle  of 
about  45°.  Considerable  rock  slides  occurred  on  the  west  side  of  the  cut, 
which  necessitated  a  much  larger  quantity  of  concrete  for  the  dock  wall 
on  that  side,  also  the  use  of  rock  bolts,  to  prevent  the  sliding  tendency 
of  this  wall. 
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Steam  shovels  and  dump  cars  were  used  to  remove  the  blasted  rock, 
which  was  used  for  filling,  wherever  required,  on  the  Government 
property. 

The  cofferdam  was  built  of  timber  cribwork,  20  feet  wide,  sunk  in 
an  average  depth  of  one  foot  of  water,  at  low  tide,  and  built  to  the 
elevation  of  three  feet  above  high  tide;  a  layer  of  concrete  was  deposited 
along  the  bottom  of  the  outer  face  and  this  face  was  sheathed  with 
plank. 

The  floor  and  walls  of  the  dock  are  built  of  concrete,  the  mixture 
being  1-3-5.  All  exposed  faces  are  finished  with  a  fine  concrete  of  1-2-4 
mixture  for  a  thickness  of  six  inches.  The  concrete  for  the  walls  and  the 
floor  was  cast  in  alternate  sections  of  approximately  30  feet,  with 
expansion  joints. 

All  the  cement  used  was  subjected  to  a  laboratory  test;  apart  from 
other  requirements  the  tensile  strength  was  required  to  be  600  lbs. 
per  square  inch  after  27  days  immersion,  for  neat  briquettes,  and 
275  lbs.  per  square  inch  for  1-3  mixture. 

The  steps  at  the  top  of  the  walls  are  built  of  granite,  with  treads 
and  risers  of  12  inches;  the  altars  are  2  feet  6  inches  wide  and  consist 
of  granite  12  inches  thick  tailing  9  inches  into  the  concrete.  The  caisson 
stops  of  both  entrances  and  all  culvert  openings  are  built  of  granite. 

The  floor  is  5  feet  thick  and  finished  level  from  end  to  end;  the 
sides  slope  down  6  inches  to  the  side  gutters.  The  floor  is  provided 
with  three  strips  of  granite  slabs,  18  inches  thick,  intended  to  receive 
the  cast  iron  keel  and  bilge  blocks.  The  middle  strip  is  10  feet  wide 
and  level;  the  side  strips  are  9  feet  wide. 

In  order  to  prevent  the  possibility  of  hydrostatic  pressure  under 
the  floor  and  behind  the  side  walls,  a  system  of  drains  is  provided,  that 
will  take  the  seepage  water  to  the  sumps. 

There  are  twelve  stairways  from  the  top  of  the  walls  to  the  floor 
of  the  dock,  two  at  each  end  of  the  two  compartments  and  two  half-way 
between  the  ends  of  each  compartment.  Four  timber  slides,  built  of 
granite  slabs,  18  inches  thick,  are  provided  alongside  the  last  set  of 
stairways.  There  are  also  eight  ladders,  four  on  each  side  of  the  dock, 
that  may  be  used  to  reach  the  floor.  These  are  built  with  galvanized 
iron  gas  pipe,  and  set  in  recesses  in  the  walls. 

The  coping  of  the  walls  stands  at  elevation  +  25,  or  7  feet  above 
high  tide.  They  are  provided  with  the  ordinary  cast  iron  bollards, 
set  in  concrete  blocks,  60  feet  apart.  There  are  nine  electrically  driven 
capstans  with  15-horse-power  motors,  four  on  each  side  of  the  dock  and 
one  at  the  head. 
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The  keel  blocks  are  each  built  of  three  pieces  of  castings;  the  middle 
piece  being  wedge  shaped  so  that  it  may  be  knocked  out  and  the  block 
removed  from  under  a  ship,  when  in  the  way  of  repair  work;  the  upper 
part  of  the  top  piece  of  casting  is  provided  with  a  piece  of  white  oak 
tenoned  into  the  casting.  All  rubbing  faces  are  planed  true  and  smooth. 
The  keel  blocks  are  4  feet  4  inches  long  and  2  feet  3  inches 
high.  On  top  of  these  are  placed  temporary  hard  wood  timber  blocks 
to  obtain  the  required  height  above  the  floor.  It  had  been  intended  to 
build  bilge  blocks,  so  arranged  as  to  slide  under  the  bilge  of  vessels. 
However,  this  was  objected  to  by  the  British  Admiralty,  who  insist  on 
having  all  blocks  made  of  the  same  pattern,  so  as  to  enable  building  a 
bed  that  will  conform  to  the  bottom  of  the  vessel. 


CAISSONS 

The  outer  entrance  is  closed  by  a  rolling  caisson  built  of  steel  and 
operated  by  an  electric  motor  of  125-horse-power;  the  bottom  is  provided 
with  two  heavy  scantlings  of  steel,  resting  on  flanged  rollers,  3  feet 
in  diameter,  placed  at  8  feet  centres.  These  are  made  of  cast  steel 
and  bored  to  receive  bronze  bushings.  The  forged  steel  spindles,  4 
inches  in  diameter,  are  also  provided  with  bronze  sleeves.  The  cast 
iron  casings,  containing  the  rollers,  are  set  in  the  concrete  alters,  on 
each  side  of  the  caisson  berth  and  chamber.  At  an  elevation  of  15  feet 
9  inches  above  the  sill  of  the  dock  the  rolling  caisson  is  provided  with 
6  culverts,  42  inches  in  diameter,  closed  by  sluice  valves  that  are 
operated  from  the  upper  deck  by  a  15-horse-power  electric  motor,  driving 
a  longitudinal  shaft  provided  with  the  necessary  gearing;  and,  by  means 
of  clutches,  any  one  or  all  of  the  valves  may  be  worked.  The  culverts 
are  used  for  flooding  the  dock.  The  caisson  is  divided  horizontally 
by  a  water-tight  deck  at  the  elevation  of  23  feet  6  inches  above  the 
bottom,  forming  the  ballast  and  tidal  chambers.  As  the  tide  rises 
the  sea  water  comes  on  this  deck  through  valves  in  the  outer  face  of  the 
caisson,  which  are  kept  constantly  open  during  the  summer  to  prevent 
the  caisson  from  floating.  A  sufficient  quantity  of  ballast  is  provided, 
so  that  the  total  weight  of  the  structure  resting  on  the  rollers  is 
approximately  150  tons.  During  the  winter,  when  the  dock  is  not  in 
operation,  the  lower  or  ballast  chamber  of  the  caisson  is  filled  with  water, 
which  is  kept  from  freezing  by  a  constant  jet  of  steam.  The 
tidal  chamber  is  then  kept  dry  by  closing  the  valves.  The  caisson  is 
closed  and  opened  with  heavy  chains,  supported  on  alters  on  each  side 
of  the  caisson  recess,  and  passing  over  pulleys  worked  by  worm  gears 
connected  with  the  motor.  The  top  of  the  caisson  is  provided  with  a 
folding  bridge  for  light  traffic  across  the  dock;  as  soon  as  the  caisson 
starts  to  open,  the  apron  and  railings  of  the  bridge  are  automatically 
lowered  to  allow  them  to  pass  under  the  flooring  over  the  caisson  recess. 
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The  middle  entrance  of  the  dock  is  closed  by  an  ordinary  floating 
or  ship  caisson.  When  in  place,  the  deck  is  used  as  a  bridge  across  the 
dock.  This  caisson  may  also  be  used  to  close  the  outer  entrance  by 
placing  it  immediately  outside  the  rolling  caisson,  where  the  necessary 
stop  is  provided  for  it.  This,  however,  will  be  necessary  only  in  cases 
of  repairs  being  required  to  the  submerged  parts  of  the  rolling  caisson. 

These  caissons  were  built  by  the  Dominion  Bridge  Company, under 
a  subcontract.  The  mode  of  construction  and  other  particulars  were 
fully  described  in  a  paper  read  before  the  Canadian  Society  of  Civil 
Engineers  by  Mr.  L.  R.  Thomson,  A.M.Can.Soc.C.E.  Volume  30, 
Part  1,  1916. 

BOILERS  AND  ELECTRIC  POWER 

Six  water  tube  boilers  of  500-horse-power  and  two  of  300-horse-power 
furnish  steam  at  200  lbs.  pressure  to  produce  electric  current.  The  boilers 
are  provided  with  automatic  stokers,  ash  and  coal  conveyors.  The 
coal  is  unloaded  from  cars  into  a  coal  crusher  run  by  an  electric  motor, 
and  elevated  to  a  hopper  of  500  tons  capacity,  over  the  front  of  the 
boilers.  Water  heaters  are  provided,  but  the  steam  is  not  superheated; 
one  of  the  small  boilers  will  be  constantly  under  steam  pressure  to  run 
the  drainage  pumps  and  the  lighting  dynamo. 

The  electric  power  consists  of  three  direct  current  turbo-generators 
of  550  volts,  one  of  1,500  kilowatts,  one  of  750  and  one  of  300  kilowatts. 
The  steam  turbines  are  of  the  Curtis  condensing  type,  built  by  the  General 
Electric  Company.  In  the  large  unit  the  turbine  runs  at  3,600  r.p.m. 
It  is  geared  down  to  360  revolutions  for  the  generator;  the  second  is 
geared  from  5,000  to  750;  the  third  is  geared  from  5,000  to  900  r.p.m. 
A  100-kilowatt  generator  driven  by  a  high  speed  direct  connected  steam 
engine,  furnishes  the  current  for  lighting  purposes. 

This  power  installation  is  more  than  ample  for  all  the  machinery 
connected  with  running  of  the  dock  proper.  It  is,  however,  anticipated 
that  the  whole  of  it  will  be  used  when  large  repairing  and  shipbuilding 
shops  are  in  operation  together  with  the  pumping  of  the  dock. 

This  electric  installation  has  been  criticised  on  the  ground  that 
the  large  expenditure  is  not  justified  when  electric  current  is  available 
from  private  companies  in  the  vicinity  of  Quebec.  When  the  electric 
installation  was  proposed  by  the  writer  the  idea  in  view  was  that  no 
company  would  be  interested  or  willing  to  furnish  over  3,000-h.  p.  at 
any  time  of  the  day  or  night  for  the  short  period  of  about  50  hours  in 
the  year,  without  interfering  seriously  with  their  general  service.  It 
had  also  been  ascertained  by  personal  visits  to  five  of  the  principal 
Navy  Yards  of  the  U.  S.  Government  that  each  of  them  has  provided 
its  own  electric  power  for  pumping  their  dry  docks.     Out  of  five,  only 
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one  had  installed  alternating  current  machinery.  It  has  developed  since 
that  the  only  electric  company  that  could  furnish  the  power  current  is 
not  willing  to  entertain  the  proposition  unless  at  a  much  greater  cost 
to  the  Government  than  the  private  installation  can  be  run,  including 
the  interest  on  the  outlay,  which  is  approximately  $240,000.00. 


PUMPS 

The  dock  is  emptied  by  three  main  pumps  of  the  horizontal 
centrifugal  type,  each  having  a  capacity  of  63,000  gallons  per  minute. 
The  bronze  shafts  are  connected  to  the  armature  shafts  of  800-horse-power 
motors,  running  at  750  revolutions  per  minute.  The  motors  are  built 
to  stand  an  overload  of  25  per  cent  for  two  hours;  the  total  lift  will  very 
rarely  be  more  than  33  feet.  The  suction  and  discharge  pipes  are  48 
inches;  the  water  is  discharged  into  a  chamber  provided  with  non  return 
valves,  and  to  a  culvert  through  the  entrance  wall  outside  of  the  caisson. 
The  main  pumps  are  guaranteed  by  the  builders  to  deliver  63,000  gals, 
per  minute  against  a  total  head  of  25  feet.  At  the  time  of  writing  these 
pumps  have  not  been  tested  as  to  efficiency. 

Two  auxiliary  pumps  each  of  6,000  gallons  per  minute  capacity, 
driven  by  electric  motors  of  125-horse-power  will  take  care  of  leakages 
and  seepage;  these  pumps  will  also  help  while  the  dock  is  being  pumped. 
The  pumps  were  manufactured  by  the  Allis-Chalmers  Company. 

The  time  occupied  in  emptying  the  dock  will  vary  according  to  the 
height  of  tide  when  the  pumps  are  started  and  the  size  of  the  vessel 
being  docked.  At  high  water  of  spring  tides  the  dock  contains  over 
38,000,000  gallons  of  water.  This  quantity  of  water,  however,  will 
very  rarely,  if  ever,  exist,  when  pumping  is  started.  It  is  estimated 
that  the  average  time  for  pumping  out  the  dock  will  be  about  two  and  a 
half  hours. 

Underground  culverts  9  x  10  feet  convey  the  water  from  the  sumps 
in  each  compartment  of  the  dock  to  the  pumps;  these  culverts 
are  provided  with  sluice  gates,  so  as  to  permit  of  operating  each  compart- 
ment separately.  The  gates  are  operated  from  coping-level  by  15-horse- 
power  electric  motors.  The  pressure  against  the  gates  may  at  times  be 
due  to  a  head  of  50  feet  of  water. 

From  the  non-return  valve  chamber  the  discharge  culvert  is  7  x  12 
feet;  it  is  also  provided  with  a  sluice  gate.  The  capacity  of  discharge 
of  this  culvert  was  obtained  from  Chezy's  formula  V=  c  ^rs ,  being 
obtained  from  Kutter's  formula.  Under  a  head  of  4  inches  the  capacity 
will  be  ample  to  take  care  of  the  output  of  the  pumps  when  discharging 
in  open  air. 
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The  dock  is  filled  through  the  six  culverts  in  the  outer  caisson, 
each  having  a  sectional  area  of  nine  square  feet,  also  two  culverts,  one 
in  each  side  wall  of  a  sectional  area  of  30«feet,  the  valves  of  which  :uv 
operated  by  electric  power.  These  culverts  are  made  exceptionally 
large  due  to  the  fact  that  each  may  only  be  partially  opened  until  the 
water  in  the  dock  has  reached  the  centre  of  the  culvert  opening,  to  prevent 
the  heavy  current  that  would  result  from  a  large  opening  from  disturbing 
the  beds  prepared  to  receive  a  vessel;  further,  as  the  head  between  the 
outer  and  inner  levels  of  water  decreases,  the  valves  are  fully  opened, 
thus  obtaining  a  large  flow.  The  time  required  to  fill  the  dock  may  at 
times  be  as  much  as  four  hours.  The  middle  entrance  is  similarly 
provided  with  filling  culverts  as  the  outer  entrance. 

In  order  to  obtain  sea  water  by  gravity  for  the  purpose  of  washing 
the  floor  of  the  dock,  six-inch  pipes  were  laid  in  the  concrete  side  walls 
of  the  dock,  at  an  elevation  of  two  feet  above  low  tide;  each  pipe  has 
six  hose-connections  and  valves  at  the  face  of  the  walls,  where  50-foot 
lengths  of  2i-inch  hose  may  be  attached  for  the  purpose.  The  water 
is  available  within  one  hour  of  extreme  low  tide.  Washing  the  floor  is 
necessarjT  owing  to  the  sediment  accumulated  while  the  dock  is  flooded. 

GUIDE  PIERS 

The  western  guide  pier  is  400  feet  long  and  75  feet  wide;  the  one 
on  the  eastern  side  is  500  feet  long,  75  feet  wide  at  the  outer  and  200  feet 
wide  at  the  inner  end.  Each  is  built  of  two  lines  of  12  x  12  timber 
cribwork  substructure  up  to  six  feet  above  low  water,  spring  tides;  the 
outer  face  of  each  line  of  cribwork  is  built  close,  and  sheathed  vertically 
with  10-inch  hardwood  planks.  The  cribs  facing  on  the  channel  were 
sunk  in  a  depth  of  30  feet  at  low  water,  spring  tides;  those  on 
the  eastern  side  of  the  east  pier  were  sunk  on  the  natural  surface  of  the 
rock.  Those  on  the  western  side  of  the  west  pier,  as  well  as  those  for 
the  landing  pier,  were  sunk  in  a  depth  of  24  feet  at  low  tide.  From  the 
elevation  of  six  feet  above  low  tide  the  superstructure  consists  of  mass 
concrete  walls,  stepped  at  the  back  and  filled  between  with  excavated 
material.  The  railway  spur  track  from  the  I.C.R.  will  be  extended 
to  the  end  of  the  western  pier.  These  piers  are  intended  to  be  used, 
when  necessary,  for  unloading  parts  of  cargoes  from  vessels  to  be  docked. 
The  entrance  channel  has  a  depth  of  30  feet  at  low  water, 
spring  tides.  The  landing  pier  on  the  west  side  of  the  entrance  is 
intended  for  unloading  the  dock  supply  of  coal,  when  delivered  by  water. 

BUILDINGS 

The  power-house  is  120  x  100  feet,  divided  by  a  brick  wall  into  two 
rooms,  120  x  50  feet,  one  being  the  boiler  room  and  the  other 
the  generator  room;  the  walls  are  solid  brick,  built  on  concrete 
foundation;  the  roof  is  built  of  reinforced  concrete  slabs,  supported  by 
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steel  I-beams,  which  were  procured  from  the  unused  steel  of  the  first 
Quebec  Bridge.  The  building  is  provided  with  extra  large  windows  with 
steel  frames.  Skylights  and  ventilators  are  also  provided.  The  floor 
is  concrete,  overlaid  with  red  tiles;  and  the  lower  part  of  the  interior 
walls  for  the  generator  room  is  finished  with  a  white  tile  wainscoting, 
6  feet  high.  Each  room  is  furnished  with  water  closets  and  wash  basins; 
the  water  is  obtained  from  the  Lauzon  village  aqueduct. 

A  special  pump  in  case  of  fire  and  the  necessary  hose  are  provided. 
The  generator  room  has  an  overhead  travelling  crane  of  15  tons  capacity. 
The  lifting  is  done  by  motor;  the  travelling  gear  is  worked  by  hand. 

The  pump-house  is  70  x  47  feet,  with  foundation  walls  of  concrete, 
over  which  solid  brick  walls  are  built.  The  floor  is  at  elevation  of  16 
feet  below  low  water,  spring  tides,  or  41  feet  below  coping.  It  is  finished 
with  red  tiles.  The  interior  walls  up  to  coping  level  are  finished  with 
white  tiles.  The  pump-house  is  also  provided  with  an  overhead 
travelling  crane  of  10  tons  capacity.  The  chimney  is  180  feet  high, 
built  of  brick,  with  an  inner  shell  of  fire-brick  100  feet  high.  There  is 
an  air  space  of  6  inches  between  the  inner  and  outer  shells;  the  inside 
diameter  is  11  feet;  the  top  consists  of  a  cast-iron  cap;  four  lightning- 
rods,  well  grounded,  are  provided  to  protect  the  chimney. 

It  may  be  stated  that  the  length  of  the  dock  was  decided  on  not 
merely  in  anticipation  of  vessels  of,  say,  900  feet  or  over  being  employed 
on  the  St.  Lawrence  trade,  which  may  not  happen  for  a  great  number 
of  years,  but  owing  to  the  great  number  of  applications  received  every 
fall  from  owners  of  moderate  sized  vessels  for  accommodation  during 
the  winter,  so  that  repairs  may  be  done  at  cheaper  rates,  and  the  boats 
be  ready  for  traffic  as  soon  as  navigation  opens. 

The  dock  is  not  yet  quite  completed:  small  portions  of  the  floor 
and  walls  at  the  head  remain  to  be  finished;  the  boilers,  machinery  and 
pumps,  although  in  working  condition,  require  some  final  adjustment 
before  they  are  tested  and  accepted; — the  rolling  caisson  was  operated 
in  November  last, — the  contractors'  floating  plant  was  docked  and  the 
dock  was  pumped  out.  It  is  fully  expected  that  everything  will 
be  entirely  completed  during  the  month  of  July  next. 

The  several  classes  of  works  in  connection  with  the  construction 
of  the  dock  have  been  accomplished  in  a  thorough  manner  both  in  regard 
to  materials  furnished  and  workmanship;  several  minor  changes  which 
were  found  to  be  advantageous  were  made  during  construction.  The 
contractors,  in  all  cases,  have  shown  their  willingness  to  give  satisfaction 
in  every  way  irrespective  of  cost.  It  must  be  noted  that  the  works  were 
started  shortly  before  the  war  and  continued  without  interruption,  except 
in  winter,  in  spite  of  increased  cost  of  materials  and  labour.     The  time 
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required  for  the  construction  of  the  dock  is  somewhat  over  four  years. 
It  must,  however,  be  remembered  that  the  working  season  is  only  six 
months  in  each  year, — concrete  works  have  to  be  suspended  during  the 
first  days  of  November  and  cannot  be  resumed  until  the  beginning  of 
May. 

The  total  cost  of  the  works  under  contract  will  be  approximately 
S3,365,000.00. 

The  works  have  been  carried  on  by  the  Department  of  Public  Works 
with  Mr.  Eugene  D.  Lafleur,  M.  Can.  Soc.  C.E.,  as  Chief  Engineer, — 
the  writer  as  Superintending  Engineer, — Mr.  J.  K.  Laflamme, 
A.  M.  Can.  Soc.  C.E.,  as  Resident  Engineer,  —  Mr.  S.  Fortin, 
M.  Can.  Soc.  C.E.,  Steel  Structural  Engineer,  has  had  the  approval  of 
plans  submitted  for  the  steel  structures.  The  Contractors  are  Messrs. 
M.  P.  &  J.  T.  Davis,  and  Mr.  S.  Woodard  is  their  Superintending 
Engineer. 
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